This is a reproduction of a library book that was digitized 
by Google as part of an ongoing effort to preserve the 
information in books and make it universally accessible. 


Google books 


https://books.google.com 





meena Google 





i 


ee ee ee oe eee 
. 


CONTAINING THE 


THEORY and PRACTICE. 
With the neceflary TasLes, - 


é 


And CoMPENDIUMS for finding 


The LATITUDE and LONGITUDE at SEA. 


To which is added, 
A TREATISE 


OF 


MARINE FORTIFICATION, 


Compofed for the Ufe of 


The Rovat MatHemarticat School at Curist’s HosPrrat, 
The Royan AcaADEMY at PorTsmMouTH, 


. And the GENTLEMEN of the NAV Y. 


— = 


VOL. It 


By J. ROBERTSON, 


Late Librarian to the Royal Society, and formerly Head-Mafter 
of the Royal Academy, at Portfmouth. 


The SIXTH EDITION, with ADDITIONS. 
Carefuily revifed and correéted by 
WILLIAM WALES, 

Mafter of the Royal Mathematical School, Chrift’s Hofpital, London, 
a A TT 

LONDON: _ | 
Printed for F. Wincrave, Succeflor to. Mr. Noursg, in the Strand; 


G. G. and J. Rosinson, and T. N. Loneman, Pater-nofter-Row 3 
W.RicHarpson, Royal Exchange; and J.Scatcurrp, Ave-Maria-Lane. 


=== 
M. DCC, XCVI, 


Jamc: Macully’s Book. 


® 





"a 


oo 


ae a, ee Ol 


w 


~~ FT 


ee ee 


— 


y 


ee 


-—- ee - 


Owe Oss ee we oe 


— eer + nd we 


jw ee 


~~ aye 


x - _ Py : a 
-« f t 
* 
.- 
\ ‘ 
% 
, 
-= * od 
* = 
. 
» t 
‘ 
- 
~ 
‘ @ 
AY 
' 
. 
s 
é 
- 
. rw ee w - —_ ee | —_ : ~e ~- « 
eo 
Py 3 
“ 
a 
, 
~ ' 
‘ 
- | 
* ¢ . 
*. 
bs 
4 
~“, 
« 
e <i : 
~ 
. AV * 
. 
a . 
= ° 
e 
’ 
ft 
, 
~ 
1 
OT TS eee. oe me ee ee Tm reer ee ree ee ae a A TE 
. 
- 
. - 
‘ 
. 
' - x 
- © bg 
‘ 
‘ 


— 


' 


vq 





SBARBARY([ 





: aaa es 





THE 


ELEMENTS 
NAVIGATION. 


BOOK VII. 
OF PLANE SAILING. 








SECTION If. 
Definitions and Principles. | 
NN ‘porto totter is the art of conducting a fhip from one 
h 


port to another. | 
is art may be divided into two parts; namely, Mechanical and 
Theoretical. 

MECHANICAL, or WorKING NAVIGATION, comprehends the art of 
working a fhip; that is, of caufing it to obferve fuch motions and di- 
rections as are affigned by the Navigator. 

This art muft be learned on fhipboard, and in the practice of failing. 

THEORETICAL NAVIGATION, or the art of Piloting, concerns thofe 
methods by which the Navigator, or Pilot, difcovers in what track the 
fhip muft fteer, fo as to arrive fave at the intended port. 

The art of Piloting is either common or proper. 

Common PixortinG is that. knowledge which teaches how to coaft 
along fhore, or to fail within fight of land. 

PROPER PILoTING is the art of failing to diftant places through the 
Ocean, and out of fight of land. . 

The art of proper Piloting, (which partly includes that of common 
piloting ) chiefly depends on a right application of the principles contained 
in the preceding books. | . 

Vor. I, B * mm The 
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2 PLANE SAILING. Book Vif. 
2. The navigating or conducting of 2 fhip through the Ocean to dif- 
tant countries, depends on the mavigator’s being beforehand furnifhed 
with the following elements. 


1ft. A Table of the latitudes and longitudes of the moft remarkable 


parts of the Sea-coafts, IMflands, Rocks, Shoals, ce. in the frequented 
parts of the world. 


2d. Maps or Charts of the Seas and Lands 3 together with the depths 
of water, and the times and fetting of the tides, upon the coafts which he 
may have occ.fion to approach. 


3d. The ufe and application of feveral {ntruments neceffary to point 
out the way the fhip ts to fteer, to meafure the rate fhe runs at, and to 
find the place fhe is in at any time. 


4th. A fufficient ftock of mathematical learning to enable him rightly 
to wie the obfervations that may be deduced from the preceding ele- 
ments. 


The latitudes and longitudes of places cannot be otherwife obtained, 
than from proper obfervations made by perfons who have been in thote 
places: confequently, the collecting of a fuificient number of thefe muit 
be the work of many ages. And hence aries the great uncertainty of 
the pofition of many places, and even of the little knowledge we have of 
many parts on the furtace of the'Werraqueous globe. See the Geogra- 


 phical Table at the end of Book VI. 


3. The Maps of Countries, and the Charts of the Oceans and their 
boundaries, are made chiefly from the catalogue of the latitudes and Jon- 
vitudes of places. But where thefe are paruly wantingy and a good col- 
lection of the pofitions and diftances of places can be obtained, thofe 


places may be inferted in the map as truly as the others, the latitudes and 


Jongitudes of which are known. 


The moft natural way of delineating the furface of the Earth, is todo 
it on a (phere; for then every place in the Globe, laid down by its lati- 
tude and longitude, will have the fame .pofition with refpect to other 
places, which they really have on the furjace of the Earth. But as a 
Globe is a bulky thing, and not fo eafily managed, or worked upon, as a 
plane, therefore has the reprefentation of the turface of the Earth been 
made on planes, and thefe are called Afaps or Charts. 7 

In the conftructing Maps and Charts great care fhould be taken, 
that the feveral parts in them preferve their pofition one to the other in 
the fame order as they do on the Earth; and it is likely, that the finding 
cut of proper methods to do this pave rife tothe feveral methods of pro-- 
jection, 


4. There are many ways of conftructing Mavs and Charts; but they 
chicily depend on two pringiples. 


9 a. 8 Firf 


Book VI; PLANE SAILING. 3 


Firft, From confidering the Earth as a large extended flat furface: The 
Charts made on this fuppcetition are ufually called Peang CHARTS. 


Secondly, From confidering the Earth as a fphere: The Charts made 
on this principle are fometimes called GLopuLar CHARTS, or MERCA- 
ToR’s CHARTS, or REDUCED CHARTS, or PROJECTED CHARTS. 


Plane Charts, when made for any large extent of feveral degrees in 
high latitudes are very erroneous; for in them the difference of longi- 
tude between any two Meridians, taken at the Equator, is ufed as the 
diftance of thofe meridians in all latitudes ; and con{equently the diftances 
of places in high latitudes will be too great, and their due pofitions will 
not be preferved: but Charts made for a {mall part, as a dezree or two 
in length and breadth, may be reckoned as tolerably exact, efpecially if 
thofe places be within the Yorrid Zones nay, a Plane Chart made of all 
this Zone will differ but little from the truth. 


SECTION Ih 
. The Conftruction and Ufe of the Plane Charts. 


CoNSTRUCTION: 


ft, Having determined the limits of the Chart, that is, how many de- 
grees of Jatitude and longitude, or meridional diftance (they beins in this 
Chart the fame), it is to contain: Suppofé from the lat. of 20° N. to the 
lat. of 71° N.; and from che longitude of London in o deg. to the lon, 
of 50° W.; then chufe a {cale of equal parts, by which the Chart may 
be contained within the fize of the fheet of paper on which it is intended 
to be drawn. In the Chart annexed, fee Pi. VIL. thé {cale is fuch, that 
each degree of latitude and longitude is } part of art inch. 


ad. Make a parallelogram (II. 6g) ascp, the length of which AB from 
north to fouth fhall contain 51 degrees, the difference of latitude between 
the limits of 20° and 71°; and the breadth ap from eaft to weft fhall 
contain tie propof.d §0 degrees of longitude, the degrees being taken 
from the faid fcale of 8 degrees to an inch; and this parallelogram will 
be the boundaries of the Chart. 


_ gd. About the boundaries of the Chart make (II. 81) fcales contains 
ing the degrees, halves and quarters of degreeg (if the fcale is lars 
enough) ; drawing lines acrofs the Chart throuzh every § or 10 degrees; 
let the degrees of latitude and longitude have their refpective numb-rs an- 
nexed, and the theet is then fitted to receive the places intended to be de- 
lineated thereon. 


_ 4th, Ona ftrait flip of pafteboard, or ftiff paper, let the fcale of the 
degrees and parts of degrees of longitude, in the line Ap, b- laid chote to 
the edge ; and the divifions mumbered from the right hand towards the 


left being all weft longitude. | 
one eens Ba sth. Seek 
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sth. Seek in the Geographical Table (at the end of Book VI.) for the 
latitudes and longitudes of the places contained within the propofed li- 
mits ; and let them be written out in the order in which they increafe in 
latitude. 

6th. Then, to lay down any place, lay the edge of the pafteboard fcale 
to the divifions on each fide the Chart, fhewing the latitude of the place ; 
fo that the beginning of its divifions fall on the right hand border aB; 
and againft the divifion fhewing the longitude of the given place make a 
point, and this gives the pofition of the place propofed; and in like mans. 
ner are all the other places to be laid down. 

ath. Draw waving lines from one point to the other, where the coaft 
is contiguous, and thus the reprefentation of the lands within the pro- 
pofed limits will be delineated. 

8th. Writc the names to the refpective parts, and in fome convenient 
place infert a compafs, and the Chart will be completed, 


The Ufe of the Plane Chart. 


6, To find the lat. and long. of any propsfed place in the Chart. 


Take with a pair of compaffes the leaft diftance between the given 
place and fome parallel of Jatitude; this diftance applied (the fame way) 
to the graduated meridian on the border of the Chart, keeping one point 
on the fame parallel of latitude, the other point will fhew the degrees of 
latitude the propofed place is in. 

And in like manner, the diftance between the given place and fome. 
meridian, applied (the fame way) to the graduated parallel on the top or 
bottom of the Chart, will fhew its degrees of longitude. 

‘Thus the diftance between Cape Finifterre and the parallel of latitude 
of 40°, laid on the border from 40° upward, gives 43° 15’ N. for Cape 
Tinifterre’s latitude: And the diftance of the Cape from the meridian 
paffing through 10° of longitude, being laid on the bottom border from 
1c? toward the right, gives g° 20’ W. for the longitude. - | 


7. Tiva places being given, futpsofe Cape Clear and the Ifand of St. Aii- 
chacks, one of the Azores, to find ihe bearing and difiance between them, 


Lay a ruler by the two places, C. Clear and St. Michael’s, take -the 
neareft diftance betwcen the center of the compafs and the edge of the 
ruler; in this pofition flide one point along the ruler, and the other point 
will run along the point of the compafs fhewing the bearing, which in 
this cafe is S. W.; that is, St. Michael’s lies to the S. W. of C. Clear, 
or C. Clear to the N. E. of St. Michael’s. 

The diftance between the two places applied to the graduated parallel 
from o degrees, will give the number of degrees, which converted inte 
miles fhews their diftance. | 

Thus the diftance from Cape Clear to St. Michael’s will be found te 
be about 17° 10’, which multiplied by 60 gives 1036 miles, 


Be The 


Bok VIL PLANE SAILING. 3 


8. The diftance failed on a given courfe, and froma given place, being 
known, to find the place the foip is in. Thus fuppofe a foip fails from Cape 
Clear S. W. for 1030 miles: Required her prefent place. 


Reduce the given miles (1030) into degrees and minutes, and take them 
(17° 10’) with one pair of compaffes from the graduated {cales. 

Lay a ruler by the center and the given point of the compafs (S. W.); 
take the neareft diftance between (Cape Clear) the place failed from ard 
the edge of the ruler with another pair of cempaffes; in this pofition, 
flide one point along the ruler until the other point has got as far diftant 
from the given place as is the given diftance, ,which is found by applying 
the opening of the other pair of compafles from (Cape Clear) the given 
place, till the points of both pair of compafles meet; and that will give 
the prefent place of the fhip, which will be found in the latitude and Jon- 
gitude of St. Michael’s ; and thefe are known by Art. 6. 

The Mariner working by the preceding precepts, will preferve his chart 
free from a moultitude of lines: But when this is not regarded (as indeed it 
is fcarcely worth while), the operations will become fomewhat fhorter, 


g- The latitude of a place (A), and its bearing from a given place (8} 
being known ; to find the place (A) onthe chart, and its diftance from (8). 


Through the given place 8 draw a line parallel to the given point of the 
compafs or bearing ; then an eaft and weft line drawn through the lati- 
tude of A, its interfection with the former line will give the place fought. 
The diftance may be meafured, as in Art.7. ~ 


10. The latitude of a place (A), and its diflance froma given place (nu) 
being known’; to find the place of a on the chart. 


Draw an eaft and weft line through the latitude of a; take the given 
diftance in degrees from the graduated {cale; then this diftance being 
applied from the given place B, will cut the faid eaft and weft line in the 
required place of a. 


11. The longitude of a place (a), and its diftance from a given place (3B) 
being known; -to find the place of a on the chart. 


Draw a meridian through the longitude of a; then the given diftance 
taken as before, and applied from 3B, will cut the faid meridian in the re~ 
quired place of a. 


’ 


12. The longitude of a place (A), and its bearing from a given place (B) 
being known ; to find the place of A onthe chart. 

Through the given place 8 draw the given bearing. (7) 

Draw a meridian through the longitude of a, and its interfeCtion with 
the faid bearing will be the place of a. 

And in this manner may every poffible cafe of failing by the plane 
chart be readily folved. But as the accuracy of thefe folutions cannot 
be depended upon nearer than five or fix minutes more or lefs than the 
truth; the more careful Navigators depend Qn the computations given ia 


the following {(ections. 
B3ZC- SECTIOW 
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§ E,.€ TION IV. 
Of Plane Sailing. 


13. PLANE SAILING is the art of navigating a fhip upcn principles 
deduced from the notion of the Earth’s being an extended plane. 

On this fuppofition, the meridians are efteemed as parallel right lines, 
the parallels of Jatitude are at riyht angles to the meridians, the lengths 
of the degrees on the meridians, equator, and parallels of latitude, are 
every where equal; and the devrees of longitude are reckoned on the 
parallels of latitude as well as on the equator. 

14. The Prange CHArv is a map, or reprefentation, of the feveral 
' parts of the Earth laid down from thcfe principles, according to thcir la+ 
titudes and longitudes, ona fhect of paper, or other flat furface, (5) 


When the parts of the Earth are thus delineated on a plane, it is eafy- 


to fee the track by which the fhip may go from one place to another; and 
alfo what angle this track makes with the meridian: thips at fea are kept 
in this track, or path, by the help of an inftrument called the Mariner’s 
Compits. 

15. The Mariner’s Compass is an artificial reprefentation of the 
horizon of every place, by the means of a circular piece of paper called a 
Card, divided lice the horizon into degrees and points, which are called 
Rhumbs. Now the card being properly fixed to a piece of fteel called: a 
Necdle, that has been touched with a Joadftone, (the property of which 
is to caufe one end of tne needle, fo touched, to point towards the north, 
when turning freely on fomething fupporting it), all the points of the 
card will be directed toward their correfponding points of the horizon. 


From this conftruction of the Mariner’s Compafs it follows, that in. 
every place the north point of the card fhews the pofition of the meridian 


in that place; and fome one rhumb, or point of the card, will coincide 
with, or be directed along, the track that makes any given angle with the 
meridian : Confequently, by the help of the card, or compafs, a fhip may 
be kept on any propofed track, or courfe. 

16. A Ryuumes Line is a right line drawn from the center of the come 
afs to the horizon; and is named from the point of the horizon it falls 
n with. | 

17. The Course is an angle which the Rhumb line the fhip fails 
on makes with the meridian, and it is fometimes reckoned in degrees, 
and fometimes in points of the compafs. | 

18. DisTANCE is the number of leagues, miles, &c. intercepted be- 
tween two places reckoned on a Rhumb; or it is the way or length a 
fhip has gone on a direct courfe in a given time. 

19, DiFFERENCE OF LATITUDE is the diftance which a fhip has 
made north or fouth of the place fhe fet out from ; and it is reckoned in 
miles and parts of a mile on a meridian. ,; 

20, DEPARTURE is the eaft or weft diftance which a fhip has made 
from the meridian of the place fhe departed from, reckoned on the pa- 
rallel of latitude which fhe is arrived jn, and in the plane chart it is the 
fame as the difference of longitude, | i 

| 21. 
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a1. If a fhip fails either due north or fouth, fhe iais on a meridian, 
mzkes no departure, and her diftance and difference of latitade are tie 


fame. -_ 
If a fhip fails either due ex{t or weft, fhe runs ona parallel of latituce, a 

makes no diilerence of latitude, and her departure and diitance are the 

farne. , 


The difference of latitude and departure always make the leas of a 
right-angled triang’e, the hypothenute of which is the diftance the {2p 
has failed. | 

When the ceurrfe is 4§ degrees, or 4 points, the difference of latitude 
and departure are equal. OF 

When the courfe is lefs than 45 degrees, or 4 points, the difference of 
latitude is greater than the departure. | 

But when the courfe is greatcr than 4 points, or 4§ degrees, the de- 
parture is greater than the diiference of latitude. 

22. When a figure relating to a fhip’s courfe is to be conftructed, it 
muft firft be coniidered whether the fhip is failing northward or fouth- ge 
ward; and whether the goes to the eaittward or weftward of the place t | 
fhe departed from; for the ‘ines in the figure muft be drawn accord . 
ingly. ~ : | 

Thus. Let the upper part of the paper, or what the figure is drawn } 
én, always reprefent the north, then the Iu.ver part will be fouth, the 
righ: hand fide e:.ft, and the left hand fide the weft. , 

Draw a north and fouth line to exprefs the meridian of the place the 
fhip fails from; then if the courfe is to the focthward, mark the upper 
end of the line for the place failed from; but if txc courfe is northward, 
mark the lower end for that place. 

Through the point failed from draw a line perpendicular to the meri- 
dian to reprefent the parellel of latitude of that place; and from the fame - 
point, with the chord of @0 degrees, defcribe a quadrantal are on the caft 
fide of the meridian, if the courfe is eaftward, or on the weft fide, if the 
courfe is to the wettward. 

When the courfe is given, the chord of the degrees, or points ex es 
preffing it, is to be taken with a pair of compaffles, either from the fcale . 
of chords or of rhumbs *: and is always to be laid off on the quadrantal 
arc, beginning at the meridian. 

The line expreffing the diftance the fhip has run, is always to be drawn - 
from the center of the quadrant, or point failed from, through that point 
of its arc which limits the courfe. | | 

The difference of latitude, in leagues or miles, taken with the compafics 8% 
from a {cale of equal parts, is ever to be laid on the meridian, reckoning 
from the center of the quadrant. | 7 


ined 
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* A quadrant, or arc of go°, being diviced into eizht equal parts, and 
each of thefe into quarters; then if from one esd of the arc tne icveral di- 
vifions be transferred to the chord of gc°, as in Bock til. Art. 18. a line of : 
shumbs is conftruéted, the ufe of which is tne fame as tiat of the chords, : re " 
namely, to make an angle whofe meafure is given in points inftead of de- 


grees. : 
: B 4 The ; 
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The departure is a right line parallel to the eaft and weft line before 
drawn, joining the ends of the lines expreffing the diftance and difference 
of latitude. 

, 23. In the annexed figure, fuppofe the circle FHFH to reprefent fe 
: horizon of the place a, from whence the fhip 
; {iils; ac the rhumb the fails on, and c the 
ql place come to; then HH reprefents the paral- 
lel of latitude fhe failed from, cc the parallel 
of the latitude arrived in: So that ap be- 
comes the difference of latitude, pc the de- 
prture, ac the diftance failed, the angle pac 
i: the courfe, and the angle pca Is the com- 
plement of the courfe. 
Thefe particulars will be alike reprefented, 
whether the fhip fails in the N. E. or N. W. 
5. E. or S. W. quarter of the horizon. 
‘ Hence it is evident, that the difference of 
me latitude, departure, and diftance, form the fides 
of a right-angle triangle, whofe angles are the 
courfe, its complement and the right-angle, 


G ne 





< ; whofe fine is radius; therefore among thefe © : oo 
| | four things, cour/’, di/lance, diff. lat. and departure, any two of them . 
being given, the reft are to be found by plane trigonometry. * 

4 

s 24. Of the Traverfe Table. _ 


For the ready working of any fingle courfe, there is a table, called the ie 
Traverfe Table, ufually annexed to Treatifes of this kind; which is fa = ™ 


contrived, that by findinz in it the given courfe and a diftance not ex- ~ 

ceeding 100 miles, the diff. Jat. and departure is had by infpection. The el 

| . courfe is to be found at the top of the table, when under 4 points, or 45 a 
deg ; but at the bottom of the table whea it exceeds 45 deg. Each . 

column figned with a courfe confifts of two parts, one for the diff, lat., A 

; marked Lat.: the other for the departure, marked Dep.; which names a 
are both at the top and bottom of thefe columns, The diftance is to be ee 


found in the column marked D7/?, next the margin of the page. 

This table will fecve for greater diftances, by taking their halves, thirds, 
fourths, &c. and doubling, tripling, quadrupling, ¥c. the diff. lat. and 
departure found to thofe parts of the diftance. 

The traverfe table contained in this Treatife, at the end of Book VIT. . 
has the diftances continued to 120, which is a number more capable of 


fubdivifions than 100: Befides, the table is divided into two parts ;' the ; 
firft contains the whole points and quarter points in a quadrant; and the S 
fecond part is fitted to every degree and quarter of a degree in the qua- : 

drant; whence the courfe and diftance, refulting from a day’s work, is . 


more accurately obtained than by the common traverfe tables. & 
25. All the proportions that can arife in plane. failing are exhibited in _ 
the following table; they refer to the preceding figure, where AE, AF, or | 
AH reprefent the radius of the tables, Es the fine of the courfe, GF its tan- 
gent, and AG its fecant; AB ftands for the fine of the complement of the 

Gourfe, HI its tangent, and al its fecant, | 
2 5 es Thefe 


eat, 
a 
“a 
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Thefe proportions are here inferted, to exercife the learner in reafon- _ 
ing on the relations fubfifting between thefe lines and thofe reprefenting 
the diftance, departure, and difference of latitude: but in what follows, 
only the analogies in the firft column, and one againft the laft cafe in 
the fecond column, will be ufed; the others being rather matters of cus 
tiofity than ufe. 









olutiuns by tangents and fecants 








-afe| Given fReq./ Solutions by fines 





— ~ Iby im. A ADC,ABE y fim. A ADC,AFG)by fim. AADC, AHIB 






LA,AC 







DC lag: 






ZA,AD pc /AB: 


“ac |BE: AE::DC: 7 DC:AC|AH! AI:: BC:A 
AD 'BE :-AB:: DC: ADFG: AF:3 DC: AD|AH: HI:; DC: AD 
| "LA‘AC:AD:: AR: ABAD: AC:: AF: 

4 \AD> AC pe [ans bap ke ee 

“LAIAC:DC:! AE: EB *  Ipc:ac::AH: A 
AD |AE: AB: : AC: AD JAH: HI:: DC: AB 

LA AD: DC::AF:FGIDC:AD:: AH: HI 


LA 
AC AF: AG :2 AD: AC]JAH: AI: 3 DC: AC 










La,Dc 







AC, DC 


5 
6 























AD, DC 







26. To affift the learner, the proportions hereafter ufed arg given in theig 


nautical terms. 














Given {Required SOLU T I Oo 'S. 
Courfe&iDiff. lat.| Rad. : Diit.: : Cof. Cou. : Diff. lar. 





Bittancel] epart. Rad. : ues ae Cou. : Repare ok II 
Courfe | 
Diff. lat. 


Courfe Ganec in. Con. Oa: “Dit. 
: Dif lat.|Sin. Cou. : Depart. : :Cof Cou. : Diff lat. orbyN°I. 











‘ e :Cof. Cou. Ne VIT. 
Diff. lat.| Depart. _ Rad. :Dift. ::fin.Cou. : Depart, ‘by Ne If. 
Diftance|Courfe — |Di : _ 3: Dep °I 
Depart. |Diff. lat. Rad. _: Dift. :: CokCou.: Diff. ait by ae 


6 |Diff- lat.|Courfe |Diff. lat. : Degare >: Rad. : tan, 
Depart. |Diftance Sin.Cou.: Depart. :: Rad. : Dift.’ eo Net V. 















Thefe proportions (or Canons as they are ufually called b Mariners) 
are applied to the numeral folutions of all the varieties of fingle courles in 
the following feétion. 

The numbers I, II, &c. placed at the i of thefe Canons, thew which 
proportion they refer to in the upper table; reckoning two in each cafe. 


27. & 


To PLANE SAILING. Book VII. 
27. A Tasre of the angles, which every rhumb, or point of the 


compafs, makes with the meridian. 
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Before the learner begins to work the cafes of plane failing, he fhould 
be fo well acquainted with the compafs, or tis table, as to be able readily 
to tell how many points any of thefe courfes or rhumbs are diftant front 
the meridian, or from the parallel. | 


SECTION 


Book VII. PLANE SAILING. aX 


S E CC TION Ivy. 
Of Single Courfes. 


28. Case I. Given the courfe fteered, and the diftance run: 
Required the difference of latitude and departure. 

Exam. 4 fhip from the latitude 47° 30' N. has failed S. W. by §. 98 

miles: What lat. is foe in, and what dep. has fhe made ? 
By the TRAVERSE TABLE. 

Find the given courfe at the top or bottom of the table among the 
points or degrees; and in that column, right againft the diftance taken in 
jts column, ftand the diff. lat. and departure in their colamns. 

Thus the courfe is S, W. by S. or 3 points, in which column, and 
‘againft the diftances 98 in the column of diftances, ttand 81,5 miles for 
the diff. lac; and 54,45 miles for the departure. 

By CONSTRUCTION. (22) 
1. Draw the meridian AD, and make the quadrant 

Amcp. 
2. Make me=rhumb of 3 points, and through ¢ draw 

AB equal to 98 milcs, 

3. Draw BD parallel to pa, meeting AD in D. 

‘Then ap, the diff, lat. meafures about 81€ miles. 

And ps, the departure, meafures about 54,4 miles. B 
By COMPUTATION. 


The courfe being 3 points =33° 45’. | The comp. courfe is spts. = 56° 157 





To find the diff. latitude. To find the departure. 
As rad. = 90° oo =:10,c0000 | As rad. = go® oo’ = 10,00000 
To diff. = 98m. 1,99123 | To dift. = 98m. 1,99123 


90 co-f. co. = 33°45 «= 9091985 | Sofin.co. = 33° 45° 9,74474 


To diff. lat. = 81,48 1,91108 | To dep. = 54545 1573597 
By GuNTER’s SCALE. 

On the line of fine Rhumbs*, the extent from Radius, or 8 points, to 
3 points, applied to the line of numbers, will reach from 98, in cither in- 
terval, to 54,4. , 

‘And the extent from 8 points, to § points among the Rhumbs, rcaches 
from 98 to 81,5 on the line of numbers. 

Or thus, ‘he extent from Radius, or 8 points, in the S. R_ tog8 in 
the Numb. will reach from 3 points in the Rhumbs to §4,4 in the Numb. 
and the fame extent will reach from 5 points in the Rn. to 81,5 in the 
Numb. 

The lat. from 47° 30N. 


81 . 
Bom? 2 perdi ff, lat. 1 21 8. 
fe) Seeecaieg 


Lat. in 46 oN. Dep. 54,4 miles Weft. 


* The lines on the Gonter’s fcale marked S. R. and T. R. fignitying Sine 
-Rbumbs and Tangent Rhumbs, are the logarithmic fines and tangents anfwering 
to the degrees and minutes in each point and quartcr point of the Compafs, 
transferred from the {cales of log. fines and log. tangents. 
264 : 29° CASE 


a ramped . Lipa <= § “7 a ee Ee 


| A 
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29, Case IE, Given the courfe ftecred, and difference of latitude ; 
Required the diftance run, and the departure. 


Exam. 4 faip has failed §. E. by 8. from the lat. 47° 30’ N. to the 
lat. 46° 08' N. What diftance has foe run, and what departure has fhe 
made? ' : 


By the TRAVERSE TABLE. 


- Find the courfe among the degrees, and the diff. lat. in its column, 
right agein{t which ftand the departure and diftance in their columns. 
Now taking 46° 08’ from 47° 30’, remains 1° 22°= 82 m. the diff. 
at. . 

Then the courfe S. E. b. S. is 3 points, under which in the column of 
Jat. the neareft number to 82 is 82,3, the correfponding departure 16 55 
and the diftance 99 miles. 


By ConsTRUCTION. 


if. Defcribe the quadrant a me p. 

ad.. Make me==rhumb of 3 points, and continue 
Amtill ap=82 miles. , 

3d. Through p draw ps parallel to ap, meeting 

_ the line AB drawn through ¢ in the peint.B. 
Then the diftance aB meafures about gg miles. 

And the departure DB meafures about 55 miles. 





By CoMPUTATION. 
The courfe 3 points= 33° 45’ The comp. courfe is 5 pts.= 56° 15” 


To find the diftance. | To find the departure. 
As co-f.co. = 33° 45’ 0,08015 | As co-f. co. == 33° 45° 0,08015 
To diff. lat. == 82m. ¥,91381 | To diff. lat. <= 82m. 1,9138% 
-So rad. =go0°e0 10,00000]So fin.co. = 33° 45’ 974474 
| sete oe 
To dif. == 98,62 199396 | To dep. = 54,79 1573870 


Usa are ees am 


By GunTER’s SCALE. 


On the line of fine rhumbs, the extent from § points to 8 points, or 
radius, will, on the line of numbers, reach from 82 to gg. 

And the extent from 5 points to 3 points on the S. R. will reach from 
$2 to §5 on the line of numbers. 

Or thus. The extent from § points in the fine rhumbs, to 82 miles in 
the line of numbers, will reach from 8 points in thofe rhumbs, to gg in the 
numbers ; and the fame extent will reach from 3 points in the rhumbs to 

5 in the numbers. 

Note. In all thefe cafes, wherever the co-f. courfe is ufed, the deg. put 

. down is the courfe itfelf, yet the log. belongs to the comp. of that courfe. 


30, Casz 
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30. CAsz III. Given the courfe fteered, and the departure; 
Required the dift. run, and diff, latitude. 


Exam. J fhip from lat. 47° 30° N. failing N. W. b. W. finds foe bas 
ase miles of departure: What is ber diftance gun, and what lat. is fe 
mow mM 


By the TRAVERSE TABLE . 


Find the courfe.among the degrees, and the departure in its columns 
right againft which ftand the difference of latitude, and the diftance in 
their refpective columns. 

Now the courfe N, W. b. W. is § points, over which, in the columa 
ef departure, the neareft number to 82, is 82,3; and the correfponding 
diff. latitude is 55 miles, and the diftance is 99 miles. 


By CONSTRUCTION, 


uh. Defcribe the quadrantal arc Amcp. 

2d. Make mc = rhumb of § points, and continue 
ap till Ab=82 miles. 

3d. Through } draw dB parallel to am, meeting 
the line aB drawn through ¢, in B. 

4th. Through s draw sp parallel to 5a, meeting 
am continued, in D. 

Then the diftance aB meafures about 99 miles. 

And the diff..Jat. AD meafures about 55 miles. 





By CoMPUTATION. | 
The courfe 5 points is 56° 35 =| Thecomp. courle is 3 pts. = 33° 45%. 


To find the diftance. To find the diff. latitude, 

As fin. co. = = 56° 15’ 0,08015 | As fin. co. = fori ©,08015 

To dep. = 82m. 1,91381 | To dep. <= 82m. 1,91381 

So rad. = g0°00’ ~=— 0,00000| So co-f.co. 9 == 56° 15” 9574474 

To dif. = 98,62 1,99396 | To diff. lat. = 54,79 1,73370 
, aa | een 





By GuNTER’s SCALE. 


On the line of fine rhumbs, the extent from 5 points to 8 points, or 
radius, will, on the line of numbers, reach from 82 to 99. 

And the extent from 5 points to 3 points on the line S. R. will reach 
from 82 to 55 on the line of numbers. 

Or thus. The extent from 5 points in the fine rhumbs to 82 miles 
ia the line of numbers, will reach from 8 points in the rhumbs to 99 ia 
the numbers: And the fame extent will reach from 3 points in the 


rhumbs to 55 inthe numbers. = - . 
) Lat. from 47° 30°N. 
Diff. lat. 0 55 N. 


Lat, in 48 25 


31. Case 
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; gr. Case IV. Given the diftance and difference of latitude : 
Required the courfe and departure. 


Exam. 4 frip from dat. 47° 20' N, fails between the north and éaft 98 
miles, and is arrived in lat. 48° 42' N. What courfe did fhe fleer, and 
what departure has fhe made ? | 


' | By the TRAVERSE TABLE. 


Seek in the table, till againft the diftance taken in its column be found 
the given diff. lat. in one of the following columns; and adjoining to 
it ftands the departure, which, if lefs than the diff. lat. the courfe is 
found at the top of the column ; but if greater, the courfe is found at the 
bottom. 

Now having taken 47° 20’ from 48° 42’; leaves 1° 22'=82 m. the 

. diff. Jat. 
Then feeking till againft dift. 8 ftands lat. 82, the neateft will be 
Tat. 81,95, and here the departure is 53,73 m. and the courfe is 33° 15’. 


By ConsTRUCTION. 


xft. Defcribe the quadrant amcp. 
ad. Continue am, till ap=82 m. 
: , | 3d. Through p draw ps parallel to Ap. 
. of | ath. On A with the diftance 98 cut ps in B. 
_— ‘Then the departure ps meafures about 53 m. 
And the courfe pas is meafured by the arc me of all... ip 
about 33°. | 





| 
‘ By CoMPUTATION. | \ 
To find the courfe, To find the departure. | i: 
As dift. = 98 m. 8,00877| As rad. = 90° oo 10,00060 
To rad. = gd°oo’ 10,00¢00 | To dift. = 98 m. — 1,99123 
So diff.lat. = 82m. = 1,91381| So fin. co. == 33° 12’ 9:73843 : 
os eo oneeenenemmemnnd arene) 
To co-f. co. = 33° 12° 9,92258| To dep. = 53,66 1,72966 
@utheeromegly 





By GuNTER’s SCALE. 


On the line of numbers, the extent from 9@ m. to 82 m. will; on the 
line of fines, reach from go, or radius, to about 57 degrecss 

And the extent on the line of fines, from g0° to 33°; will reach on the 
line of numbers from 98 m. to about 532 miles. ‘ 

Or thus. ‘The extent from 98 m. in the Jine of numbers, to 90° in 
the Jine of fines, will reach from 82 m. in the numbers to about §7° in 
the fines: And the fame.extent will reach from about 33° jn the fines, te 
about §33 in the numbers. 

So that the courfe is N. 33° 12/ E. or N.E. b. N. nearly. 

And the departure is N. 53,66 miles to the Eaftward. 

32. Cask 
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32. Case V. Given the diftance and departure : 
Required the courfe, and diffcrence of latitude. 


Exam. From the lat 50° 13' N. a foip, in outing between the fouth and 
caf? g8 miles, makes ber departure 82 miles: 
what lat. is foe arrived at ? | 


By the TRAVERSE Tague. 


— Seek in the table, till againft the diftance, taken in its column, be 
found the given departure in one of the following columns, and adjoin- 
ing to it ftands the d'¥. Jat. which if greater than the departure, the 
courfe is found at the top of the column; but if lefs, ‘the courfe is found 
at the bottom. 

Now feeking till againft the dift. 98 ftands 82, the neareft will be 
81,95) figned Dep. at bottom ; and here the diff. lat. is 53,73 m. and 
the courfe is 56° 45’. 


By ConsTRUCTION. 


it. Defcribe the quadrant ammcp. 

2d. Continue apf, till Ab=82 m.; and through 
b draw bp parallel to am. 

3d. From a with the dift, g8 m; cut 4B in B. 

4th, ‘Through g draw Bp parallel to ad, mecting 
Am continued, in D, 

Then the diff. lat. AD meafures about 53 miles. 

And the courfe DAB is meafured by the arc me of about 57°. 





By CoMPUTATION. 


To find the courfe. To find the diff. lat. 
As dift. ‘= 98 m. 8,00877 | As rad. = go®° co ~— 10,00000 
To rad. = go° oo ~—_10,00000 | To dif. ,— 98 m. 1,99123 
So dep. = 82m 1391381 | Soco-f. co. = 56° 48’ . 9,73843 





To fin.co: = 56° 48’ 9:92258 | To diff, lat. = 53,66 1,72966 
Then 50° 13’ N.—-0° 54’ N.=49° 19 N. For 53,66 m. is neareft 54. 


By GUNTER’s. SCALE. 


_ On the line of numbers, the extent from 98 m. to 82 m. will, on the 
line of fines, reach from 90°, or radius, to about 57 degrees. 

And the extent on the line of fincs, from go° to 33°, will reach from: 
98 m. to about 532 m. on the line of numbers. 

_Or thus. The extent from g8 m. in t're line of numbers to go° in the. 
line of fines, wiil reach from 82 m. in the numbers, to about §7° in the. 
Snes: And the fame extent will reach from about 33° in the fines, to 
about 53+ m. in the numbers. ; 

So that the courfe is S. 56° 48’ E. or S. E, b. E. nearly. 
And the latitude arrived in is 49° 19’ N. 
, 33. Case 


- 


Yhat courfe did foe keep, and 
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| | 33 Casz-VI. Given the difference of latitude and departure: 
| Required the courfe and diftance. 


Exam. 4 pip from lat. 48° 32! N. is arrived in lat. 49° 54’ N. and is ) 
got 54 miles to the weftward of ber departed meridian: What courfe did she | 
- Sfreery and what is the dired? dyffance foe has run? | 


By the FRAVERSE TABLY. 


Seek in the table till the given diff.lat. and departure are found to-. 
ether in their refpective columns: then right againft them will be found 
ee diftance in its column, and the courfe ftands among the degrees at 
the top or bottom of the column, where the diff. lat. and depart. were 
found. ann : 
Now 48° 32’ taken from 49° 54’, leave 1° 22'=82 m. the diff. lat. 
_ Then in the table it will be found, that the numbers ftanding together 
the neareft to 82 and §4, are 81,95 and, §3,73; the diftance anfwering 
to thefe is 98 m. andthe courfe is 33° 1 5). | | 


, | By ConsTRUCTION. 


rf. Defcribe the quadrant amep, and continue 
amtil Ap=82m._ 
ad. Through p draw sp parallel to ap, and equal 
to 54 miles, and draw AB. 
Then the diftance AB meafures about 98 miles. 
fo 9 And the courfe paz is meafured by the arc mec of i 
: about 33°. | _ Pimmnnne A 





| | By CoMPUTATION. 


To find the courfe. To find the diftance. 
As dif. lat. == 82m. 8,08619] As fin. co. = 33°22 = -0,, 25964 
To depart. = 54m. 1,73239} To depart. = $4 mM. 1573239 





So rad. = g0* 00’ 10,00000 | So rad. == go° 90’ =: 10,00000 
To tan. co. = 33:22 9,81858] To dift. == 98, 18 1599203 


By GunrerR’s SCALE. 


U 
On the line of numbers, the extent from 82 m. to 54 m. will reach on 
the line of tangents from 45° to about 33° 
And the extent on the line of fines, from about 33° to 90°, will reaclr 
| on the line of numbers from 54 m. to about 98 m. : 
| Or thus. The extent from 82 on the line of numbers to 45° in the 
line of tangents, will reach from 54 in the line of numbers, to about 33° 
in the line of tangents. 
Alfo, the extent from about 32° in the fines to 54 in the numbers, will 
reach from go° in the fines co about g8 m. in the numbers. 
: Sp the courfe is N. 33° 22’ W. or N. Web, N, nearly. | 
And the diitance is 98,18 ayles. 
: 34. Quta 
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34. Queftions to exercife the foregoing Cafes. 
Quest. I. Four days ago we were in lat. 3° 25' §.3 and have fince that 
time run on a direc? courfe NIV. by N. at the rate of 8 miles an bour:; Re- 


quired our prefent latitude and departure ? 


One day=24 hours: Then 24 x%4==96 hours. 
And 96 X8==768 miles, the whole diftance. 


CoNsSTRUCTION. B 
1. Draw the meridian ap, and defcribe the qua 
-drant Amp. 
2d. Lay off the courfe 3 points from m toc, and draw 
the rhumb line as. 
3d. On the rhumb line lay the diftance from a to 





B, and draw DB parallel to p a. P SE | 
CoMPUTATION. 

As rad. = 90° 00’ ~=— 10,00000 | As rad. == 90°00’ ~=—S > 10,00000 

Todift[I © =768 m. 2,88: 36 | To dift =768 m. 2 88536 


So cof.co. = 33°45" 9291985 | So fin. co. == 33° 457 974474 








To diff, lat. ==638,6 m. 2,80521 | To dep. =426,7m. 263010 





63 7 3 Then lat. from ° 20°S. 
Now: ooo 10° 39 diff, lat. ‘3 ae N. 





‘ 


Lat. in 7 14N. 
Depart. 426,7 miles. 


Quest. I]. Yeferday noon we were in lat. 38° 32! N.; and this day at 


~ Anfwer 


‘noon we were in lat. 36° 56’ N. we have run on a direét courfe between the 


S.and E. 5% knots * an hour: Required our courfe and departure? 





Lat. from 38° 32’N. 24 hours, 
Lat.in 36 5s6N. 55352 
Diff. lat. 1 36-96 m. 120 
120 ‘ 


Dift.=132,0 m. 





D 
Const. Defcribe the quadrant amp: draw the meridian Av=96, 
and draw DB parallel to ap; with 132 m. from A, cut DB in B. 
COMPUTATION. 


As dift. —= 132m. 7,87943( As rad. = go° 00’ - 10,00000 
To rad, = g0 00’ = 10,00000] To diff. = 32m. 2,12057 
So diff. lat. = 96m. 1,68227|So fin. co. = 44° 20° 9.830 ,8 
ZOCOL CO. = 43°20" 9,86170| To dep, = 90,58 1,95 705 





aman QED, 


Courfe is S. 43° 20’ E. or SE. by S. 3 E. nearly. 
mane Departure go,58 miles to the Eaftward. 


® A knot is the fame as a fea mile, 60 to a degree. 
Voz, II, en © QUEST. 


on 


18 PLANE SAILING. _ Book VIL, 


Quest. IIT. 4 fhip in lat. 3° §2' S. is bound toa port bearing NIV. by. 
W. > W. in lat. 4° 30! N.: Hoo far does that port lay to the weftward, 
and what is the fpip’s diflance from it ? 





Lat. from 3° 52°S. e 
Lat, to’ 4 30N . 
Diff. lat. 8 22—=s02 miles. A 


_ Constr. Defcribe the quadrant Am p: Draw the meridian ap=502, 
and through D draw bs parallel to ap: make mc=§§ points: Through 
¢ draw AB meeting DB in B. 


CoMPUTATION. 
Ascof.co. == 61%52” 0,32650| As cof. co. == 61° 52’ 0,32650 





To diff. lat. == 502 m. 2,70070| To diff. lat. == 502 m. 2570070 © 
So rad, = g0° 00’  10,00000]So fin. co, == 61°52’ 9.94540 
To dift. == 1065 | 3,02720/| To dep. = 938, 9 297260 





| The pott lies 938,9 m. to the weftward. 
aN { The direct diitance is 1065. 


Quest. IV. 4 fhip from lat. 30° 14' N. fails SE. by E. 2 E.; and 
four days after meets a floop who had failed direétly eaft at the rate of 6 miles 
an hour, fhe having been, four days before, under the meridsan the faip de- 
parted from: Required the diffcrence of therr rates of failing, and their 
prefent latitude? ti. 


As the fhip and floop failed from the fame meri- 
dian, and the floop runs directly eaft; therefore 
her diftance will be the fhip’s departure. 

Now in 4 days are 96 hours. 

And 96 x6=576 miles of departure. 


Const. Deféribe the quadrant a m p. 
In ap continued take a 4=576, and draw 4 B parallel to a m. 
Make mc=53 points, and through ¢ draw Ac, meeting 5B in B. 
Through B draw BD parallel to 4a mecting a m continued in D. 





CoMPUTATION, 


As fin.co. == 61° 52’ 0,05 466| As fin.co. == 61°52’ => 0, 054600 
To dep. == 576m. 2,76042 | Vo dep. == 576m: 2,76042 
So rad. == go® oo’ 10,00000 | So cof. co. === 61° 52’ 967350 





To ditt. = 653,2m. 2,81502/ To dif, lat. = 308 m. 2,49852 





Now 96)653,2(6,8 m. per hour the | And 6,0) 30,8(Then lat. fr. 30° 14’ N, 


{thip’s rate. —— Giff. lat. 5 08 8. 
772 5 8 ge ee 
<n: paeomat Lat.in a5 06 © 


So the difference of their rates of failing is 8; or } of a mile per hour. 


Quast. 
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Quest. V. A Sfrip from the lat. 48° 17' N. fails SW. by §. until fhe 
bas depreffed the north pole two degrees: What airect diflance has jhe run, 
and bow many miles is foe got to the weftward ? , 


To deprefs the pole two degrees, the fhip muft 
fail fouthward until her diff. lat. is 2 degrees, or 120 
miles. 


Const. ft. Draw ap=diff. lat. 120 m. 

2d. Defcribe the quadrant amp, and make mc=3 
points, 

3d. Through c draw AB, meeting DB, drawn through 
D, parallel to ap. 





COMPUTATION. | 
33° 45" 0,08015 








_ Ascof. co. = 34° 45’ 0,08015 | As cof.co. = 
To diff. lat. == 120m. 2,07918| To diff, la = 120m. 2,07918 
So rad. = go® oo’ 10,00000 |So fin. coe === 33°45° 9:74474 
To ditt. m= 14455 2,15933| Lo dep. == 80,18 1,90407 
RRR RTS - i EES 


Ship has run 144,3 miles. 
An{wer { And has got to the weftward 80,18 miles. 


vest. VI. Two ports lie under the fame meridian, one in latitude 52° 
30 N. and the other in latitude 47° 10! N. 4 fhip from the fouthernmaft 
fails due eaft g knots an hour, and. two days after meets a flsop that had 
jailed from the northernmoft port: Required the floop’s direc? courfe and dif> | 


tance run ? 


Here the diftance which the fhip fails eaft is the 4 
floop’s departure. 
Now 2 days=48 hours. : 
Then 48 x 9=432 m.=departure. 
Sloop’slat. 52° 30° N. 
Ship’s lat. 47 10 N. 


- 





vs 





Diff. lat. § 20=320m. 
Const. In the meridian, take ap for the diff. lat. 320m. and per- 
pendicular to aD- draw the departure D3 =432 m, and draw the diftance 


AB. 

~ ComPuTATION. 
As diff. lat. == 320m. 74948 As fin.co. == 53° 28’ 0,09501 
To depart. == 432m. 2,63548| To depart. == 432m. 263548 
So rad. == go*oo’ = 10,00000] Sorad. , === go° oo’ = 10,00c00 


: ———ae : 
To tan. co. == 53 28 10,13033| To dift. = 537.6 2573049 


; The floop has failed S. ¢3° 28’ E. or SE, 3 E. 7 
Anfwer j And has run 5 37,6 mie : 
2 





QUEST. 
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Quest. VII. A fhip from a port in. latitude 38° 25/ S. fails between the 
5S. and W. at the rate of 7% knots an hour 3 three days after meets a floop, 
who two days before had failed from a port under the fame meridian which 
the fhip departed from, and kept on a weft courfe 8 miles an hour: Required 
the farp’s direc? courfe and prefent latitude ? u 
Now 3 days is 72 hours, which, at 72 knots an 

hour, makes 540 miles for the fhip’s run. 

And 2 days is 48 hours, which, at.8 knots an hour, 
~ makes 384 miles for the floop’s run, and is equal 
to the weiting, or departure of the fhip. 


ane nnn A 


owcene os egsesce scarves Qiy 





Const. Having defcribed the quadrant amp, 
make ab=384; from a, with 540, cut 4B pa- 8 
rallel to AD, in Bs draw Az, and BD parallel to a p. 


CoMPUTATION. 


As dift. — 540 m. 7,26761 | As rad. == 90° 00’ 10,00000 
To rad. = g0° 00’ = 10,0c000 |‘To dift. = §40m. 2573239 
So depart. = 384m. 2558433 |So cof. co. = 45° 20°) = «g, 84694 





To fineco, = 45°20 9,85194|Todiff.lat. = 379,6 2.57933 


ea 





6,0) 38,0(6° 20° 


oe ; Courfe §. 45° 20’ W. or SW. 
And (38° 25/+4+6° 2c) 44° 45’ 8. ere i D) 


Prefent lativude is 44° 45’ S. 


Quest. VIII. 4 brig from a port in latitude 28° 38’ N. fails due N. 
at the rate of 8% knots an hour; after three days fhe meets a fhip who had 
gun due W. 342 miles from a port 30 leagues to the eaffward of the meri- 
dian that the brig’s crew thought themjelues under wha alfo found, they baad 
not incregfed thetr latitude fo much by 24 leagues as by their qccount: Re» 
quired the true courfe and diftance the brig has made ? _— 


Now 82 knots an hour for 3 days, is 612 miles for 
the brig’s apparent northing ; from which taking. 
24 leagues, or 72 m. her error in account, ‘there 
remain 540 miles for her truc diff. lat. a % 

And as the fhip’s departed meridian is 30 leagues, or go 
miles to the eaftward of the brig’s; thefe 90 m, ae 
being taken from 342, leave 252m. for the welt» . _ - pi 
ing from the brig’s meridian. eo 
So that the brig having made §49m. northing, and 252 m. welting 5 

. ber courfe and diftance, found by the 6th cafe (33), will be 

“ Courfe N. 25° 017 W. or NNW. {W. nearly. | a 

* Diftance 595,9 miles. “  -* a a 7 
It may be proper to obfervé, “that when radius is one of the three terms. 

given, and nof the firft; thea gh¢-log. of the firft term being fubtracted 

from the log. of the other term (radius excluded), leave the log. of tlte 
4th term; by which means she wouble of taking the arith. comp. of the 


a2 term is avoided. : : ; 
SECTION 
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Book VII. PLANE SAILING. a 
SECTION VY. 
Of Compound Courfes. 


35. A Compounp Course is an irregular track which a fhip makes 
ina known time, by failing on feveral different courfes: Or where two 
or more cafes of Plane Sailing are concerned. 


A TRAVERSE is a compound courfe, wherein feveral different fuce 
ceffive courfes and diftances are known. | 


36. To WORK A TRAVERSE, 
Or, to reduce a compound courfe to a fingle one. 


1ft. Make a table of fix columns, title them Courfe, Diftance, N.S. E. | 
W. Begin at the left fide, and write the given courfes and diftances in 
their refpective columns.’ | i 

ad. Seck in the traverfe table the given courfes and diftances, and let 
the corre{ponding differences of latitude and departures be written in their 
proper columns in the table made for the queftion. 


@ 
3d. Add up the columns of northing, fouthing, eafting, and wefting ; 
then the difference between the fums of the northing and fouthing will be 
the whole difference of latitude, of the fame name with the greater: and 
the difference between the fums of the eafting and wefting will be the 
whole departure, of the fame name with the greater alfo. 


4th. The whole diff. of lat. and departure to the compound courfe be- 
ing feund, the direct courfe and diftance will be found as in Cafe VI. of 
fingle courfes. 


37- To consTRuUCT A TRAVERSE, 


ft. Defcribe a circle with the chord of 60 degrees, and divide it into 
4 quadrants 3 marking the north point with N. : 


2d. Lay off each courfe on the circumference, reckoned from its proper 
meridian; and from the center to each point draw fo many blank radii ; 
mark thefe with the proper number of the courfe. © 


_ 3d. On the firft radius, lay the firft diftance, mark its extremity ; 
through this extremity, and parallel to the fecond: radius, draw the fecond 
diftance of its proper length; through the extremity of the fecond dif- 
tance, and parallel to the third radius, draw the third diftance of its pra ~ 
per length: and thus proceed until all the diftances are dravyn. 


C3 4th, A 
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4th. A line drawn from the extremity of the laft diftance, to the center 
of the circle, will reprefent the diftance made good; and a line drawn 
from the fame point, perpendicular to the meridian (lengthened if necef- 
fary) will reprefent the departure. | : 

38. When.a fhip is bound from a given place to a known port; and 
on fome occafion. is obliged to run on one or more different courfes, 
not in the direct one to the port; and then wants to find the -dire& 
courfe and diftance fhe muft run to gain her port, obferve the fol- 
lowing precepts. 


1ft. Find the diff. lat. and dep. between. the fhip’s firft place and the 
port bound to. - 
2d. Find the diff. lat. and dep. between the fhip’s firft place and the 
place fhe is to come to. 
d. If thefe differences of latitude are both of the fame name, take 
their difference for a new diff. lat.: But-if of contrary names, take their 


. fam. 


4th. Ifthe departures are both of the fame name, take their difference 
for a new departure: But take their fum, if of contrary names. 
5th. To this new difference of Jatitude and departure, find the courfe 
and diftance (33). , | | : 
6th. If between the place faited from, and the place come to, there has 
been more than one courfe: To each courfe let the diff. lat. and depar- 


ture be found; and Jet their fum or difference be taken atcording as they 


are, of the fame, or of contrary names; and this will give the diff. lat. 


-and departure between the place failed from, and the place come to: 


Then proceed by the 3d, 4th, and sth precepts. 


39. To consrrect aA Compounpn Course. 


See any of tie figures after Quefiton VIL. 

if. Deferibe a circle, in which draw the meridian and parallel of the 
place failed from. : 

2d. Conftru& the triangle between the place failed from, marked a, 
and the place bound to, mirke B; and let the interfection of the diff. 
Jat. and departure be marked p. | 

3d. Conftruct the figure between the place failed trom, or a, and the 
place come to, marked c3 and let the interfection of this diff, lat. and 
departure be marked E. | es 

4th, Through c draw cF parallel ta AD, meeting BD, continued, if 
necellary, in F ; and draw CB. a rr 

sth. ‘Then in the triangle crs, the lines. cr, FB, C8, will reprefent the 
diff, lat. departure, and diitance between the place come to, and the place 
bound te. . : 

6th. From the center a draw atine paralléL to cB, in the direction 
from ¢ to B, and this fhews the courie wanted. 
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Book VII. PLANE SAILING. "23 


40. Examples to exercife Traverfe Sailing. 


Quustion I. 4 frip fails from a place in latitude 24° 32) N. and has 
run the following courfes and difiances, Viz 
ift. SW. b. W. dift. 45m. 2d ESE. dift som. 3d. SW, dift. 30 m. 
4th. SE.b. E. dift.60 m. sth. SW.b. S. ;W. dift. 63 m. 

Required her prefent latitude, with the direé? courfe and diftance between 
the place failed from, and the place come to? | 


Conftruét the traverle table by art. 36, and the figure by art. 37. 





. TRAVERSE TABLE. 









Courfes. D|| N. | S. | E. 












19,1 | 46,2 

SW. 30 21,2 2152 

SE. b. E. 60 339314909 

SW. b. S.£W./63} - 50,6 3795 
/ 






1 49.2 96,1 196s I 





The traverfe table being com- 
pleted; the fum of the fouthings is In this figure the ‘circle, which is 
149,2 miles, and fo far the fhip has|defcribed with the chord of 60°, re- 
got to the fouthward, or altered her|prefents the horizon, the center of 
datitude. which is the place the fhip failed 
The lat. from 24° 32'N. from ; through that place are drawn 
; 549 ; two diameters, at right anzles to one 
Diff. lat = a: a0 another'} the one Peorelentine the 
, meridian, the other the parallel of la- 
Prefent lat. 22 03N.- titude which the fhip departed from: 
| ne On the circumference are laid the 
The miles of departure in the/feyeral courfes, and numbered 1, 2. 
eaft column are 96,1; and thofe in}, 4,5, On the firft rhumb at, 
the weft column are alfo 96,1: Butiis laid the firft diftance aa = 45; 
as the eaft and weft departures are through a, and parallel to the rhumb 
dire€tly oppofite, they deftroy one}, 2, is drawn the fecond diftance 
another, and the fhip in her pre-/g,—50; through J, and parallel to 
fent ftation has made no departure 3|the rhumb a 3, is drawn the third dif- ~ 
therefore fhe is under the fame me-jtance bc 305 through C, and paral- 
ridian which the failed from: Con-}lel to the rhumb a4, is drawn the 
fequently her courfe made good is/fourth diftance ¢d==60; through d, 
dire&ly fouth ; and her diftance iSiand parallel to the rhumb a 5, is 
the fame as the difference of lat-|drawn the sth diftance dc =63. 


tude hich 13 I 2. , 
penne ena C4 | QUEsT. 





Book VII. 
Seip from the latitude 28° 32’ N, has run the following 


PLANE SAILING, 
— Quest. It. 4 


Courfes, VIZ.’ 


24 


ift. NW.b.N. dift.aom. ad. SW. dift. 4om. 3d. NE. b. E. dift. 60 m. 
4th. SE. dift. 55m. 5th. W. b. S. dift. 41m. 6th. ENE. dift. 66 m. 


Required her prefent latitude, with the direé? 
the place failed from and the place-come to? 


Conftruct the traverfe table by art. 36, and the figure by art. 37. 





TRAVERSE TABLE. 


Courfes. 


E 


20!16,6 
40! 
» [60 33,3 
55 

1 


06 25,3 





NW. b. N. 
SW. 28,3 

4919 

38,9) 38,9 
8,0 

61,0 








149,8|79,6 
79:6 


7592 17592 








The traverfe table being filled up, 


the fum of the northings and fouth- Here a is the place failed from ; 


ings are both 75,2 miles; which, be- 
ing of contrary diretions, fhew that 
the fhip has returned to the fame 
parallel of latitude which the failed 
from. | 

‘The fum of the eaftings is 149,8, 
and that of the weftings is 79,6; 
their difference 70,2 fhews that the 
fhip has gained fo much to the eaft- 
ward, that being greateft. 

Confequently the courfe made g 

And the diftance is 70,2 miles. 


Although the figures in both the traverfe tables, at the end 
befides the whole numbers, 
cimal place is ufed in thefe traverfe queftions, 
if the place omitted exceeded 


contain two decimal places, 


by 1, 
gives 28,28 ; 





and c is the place the fhip is come 
to, by failing along the lines a a, a 4, 
bt, cd, deec. 

The diftance fhe is got from a, is 
reprefented by Ac; which alfo exe 
prefles the rhumb between a and c. 


is due eaft. 


of this book, 
yet only one de- 
and that place is inereafed 
5: Thus, the courfe SW, difl. 40, 


for which it is fet down 28,3; becaufe 28,28 is nearer to 


28,30 than to 24,20; And fo of.others,. 
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Quest. III. Since yeferday noon we have run the following courfes : 
rf, SW. b.S.20m. 2d.W. | 16m. 3d. NW. b. W. 28m. 
4th. SSE. 32m. §Sth ENE. 14m. 6th. SW, | 30m. - 


What diff. lat. and departure has the Ship made, and what is her dire 
courfe and diftance ? 





TRAVERSE TABLE. 


As the diff. lat. and dep. are equal, the courfe is S. 45° W. or SW. 


And, asf.2 A: ce: f. 28: ac. Or f. 45°00’: 50, 7m. ::f- 90° 00’: 71,7m. 


Quest. IV. Two fips, a and B, part company in lat. 3 31 N. and 
meet together again at the end of two days, having run as follows: 


A. 1ft. NNE, 96m. 2d. WSW. 96m. 3d. ESE. 96m. 4th. NNW. 96m. 


B. 1ft. NNW. 96m. 2d. ESE. 6m. 3d. WSW. 96m. 4th. NNE. o6m: 


Required the lat. arrived in, with the direct courfe and dif. of cach foip? 


As the courfes fteered by both fhips are equally diftant from the meri- 
dian 5 therefore one traverfe will ferve for both. 


TRAVERSE TABLE. 


Coorfes. |D.| N. | S. | E. | W. 


nee see |e] - eases | Re | o eee | oe See 


NNE. GU 88,7 39,7 
wsw. [96 36.7 88,7 
ESE. 96 36,7 88,7 
NNW. {96| 88,7 36,7 
EEE ems © | ees = ‘ee | aoe 


17794] 7394425 .4)125 54 
7 324|——-|-——$—| 


104,0/D. lat. 





‘There being no departure, and the diff. lat. being N. 

Therefore the courfe made good is JN. and the diftance is 104 miles. 

‘The lat. arrived in is 33° 15’ N. 
QUEST. 
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26 COC PLANE SAILING.  BookVIlL 
Quast. V. Suppofe a frip from the lat. of 40° oo! N. fails as follows. 


it. SE.b.S. 29m. 2d. NNE. 
4th ENE. som. sth. SSE. 


7th Weft 25m. 8th. SSE 


io m. 
Iom. 
10m. 


Yoth. North xzrom. iith E.2N. 62m. 
13th. Weft 62m. 14th. North 
zoth. South rom. 17th, Weft 62m. 


rgth Ei S. 62m. 2oth. South 


22d. NNE. tom. 23d. Weft 


10 m. 


TIO m. 


25 m. 


3d. ESE, §0 m. 
6th. NE. b. N 29 m. 
goth. WSW. 2 W.42 m. 
12th. North. TM. 
15th. Weft f 
18th. South 


m. 
7 ™. 
21%. WNW. iW, 42m, 


Required the foip’s place, with the dire courfe and diflance? 


- 


TRAVERSE TABLE, 









Courfes. D. N. S. E. W. 
SE. b. S, 29 2451| 16,3 
NNE. 10] 9,z 328 
ESE... 50 19,1} 46,2 
ENE. 50] 19,1! 46,2 
SSE. Io 1 g,2] 3,8 
NE.b.N. | 29] 24,1 16,1 
Weft. 25 25,0 
SSE. 10 9,2} 3,8 
WSW. 5 W.t 42 12,2] | 40,2 
North. IIO'T10,0 
E. gN. 62! 9,1 61, 

North. 7 739 

Wett. 62) 62,0 
North. 10! 10,0 

Wet 8 8,0 
South, 10 10,0 

eft. .| 62 62,0 
South. 7 7,0 
E. 3S. 62 931] 61,53 
South. 110 110,0 
WNW,iW.) 42) 12,2 40,2 

NE, 10} 9,2 3,8 
Weft. 25 2§;:0 

|209,9 209,9|262,4|262,4 








As the fums of the North and South difference of latitudes are equal, 
and the Eaft and Weft departures are equal ; therefore the fhip is re- © 


turned to the place fhe failed from. 
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Book VI. PLANE SAILING. ay 
Quast. VI. The laff 24 bours we have run the following courfes, viz. ~ 
ft. SE. 40m. 2d NE, 28m. 3d. SW. b. W. 52 m. 


4th. NW.b.W, 30m. 5th. SSE. 36m. = 6th, SELb.E. = 58 my 
Required the diff. latitude, departure, dirctt courfe, and diftance? 






: W 
Traverse TasBtreE, : 
f , 
1018.88 28 BSD te iA. sauiersbases 


E Cc 





For the courfe. As 86,2m. :42m.: :rad.: t.2§° 59’. Or SSE. 3 E. nearly. 
For the diftance. As f. 25° 59’: 42m. :: rad. : 95,87 m. 


Quest. VII. ot seid noon we were in lat. 3°18’ S. and fince then we 
have plied on the following courfes, viz. 
ft. NNE. 22m. 2d. N.b. W. 30m. 3d. NE.b.E. 40m. 
4th. ESE. 25m.- 5th. SSW. 18m. 6th.NW.b.N.2W.50 m. 
ath. NE.IE.g2m. 8th.W.b.S.2W.45m. oth.SW.b.S. 20m. 
roth. E.b. N. 3 E. 62 m. Required our prefent lat. and departure 
auth the courfe and diflance made good ? | 






TravERse TABLE, 





99,0/D. fat.| 58.4! Dep. 





For the courfe. As ggm. : 58,4m. :: rad. : t. 30° 32’, Or NNE. 3 E, 
For the dift. As f. 30° 32’: 58,4 m.:: rad. : 115, the diftance. 


And 3° 38/a=1° 39/=1° 39! S. the prefent jatitude, | 
ae 2 QUEST. 
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Quest. VIII. Yeferday noon we were in lat. 33° 15’ N. and bound to 
a port in lat, 28° 35/ N. lying 196 miles to the wef? and this day at noon 
we were in lat. 30° 20/ N. having made 168 miles of wefting: Required 
the direé? courfe and diftance to our intended port? 


Lat. from 33° 15 N. Lat. from 33°15’ N. | een eneesang A 
Lat.to 28 35 Nw. | Lat.in 30 ‘20 N. P a 
: 1 








Dif. lat. 4 40==280m. {| Diff. lat. 2 55==175 
' Thedigure is conftru€ted by. art. 39. 

Thus. In the meridian take 4~D=280, AE= 
1753 in Dg, EC, drawn parallel to the parallel of 
lat. ap, take Bp=196, Ec=168; draw aB, AC, 
cB; and draw cF parallel to Ap, and ac parallel 
to CB. ‘ ce A 
Then a is the place failed from; c the place cqme to; 8 the place. 
bound to; cs the diftance the ip has to fail; and the arc ac meafures' 
the angle of the courfe fhe muft fail on. . | | | 


a 














From ap = 280 From ps == 196 
Take az = 175 Takece=Fp ~ = 168 ~ 
Leaves ED=oF = 105 Leaves 3p = 28° 
| , 
In.the triangle crs. . 
To find the courfe. . To find the diftance. 
As cr, diff. lat. == 105 7,97881 | As fin. co. == 14° 56’ 0,58889 
To Br,dep, -=28 1,44715 | To dep. = 28 m. 1544716 
__ So rad. = 90° 00’ 10,09000 | So rad. == go 00 10,00000 
Tot. 2BcF,tco==14 56 9,42596| To dit. == 108,6 2,03605 


een ee eeree eee ae 


Anfwer: Courfe is S. 14° 56’ W. or S.b. W. | W. Dilt. 108,6 miles. 


Quest. IX. A fhip from latitude 14° 25/ N. and bound to a port in lae 
titude 5° 18/ N. lying 476 miles to the eaftward, finds fhe has made 400 
miles of fouthing, and 150 of eafting: Required the courfe and diftance fhe 
has to fail, to reach her intended port ? 

The figute is conftructed by art. 39. 

Lat. from 14° 25’ N. 

Lat.to ° 5 18 N. 


eee 


Diff. lat 9 7==547 miles. 





! AD — 547 DB ; 
AE = 400 ECI=DF i 
eee 


ED—=CF == 147 FB 








Then cr: FB::rad.:t. Zeer, Or 147: 326: it. 45°: t. 65% 44’, | 
And f. 2 rcp: FB::rad.:cpe. Orf. 65° 44°: 326::f. 90°: 357,6. - 1 
Anfwer. Courfe is 8. 65° 44’ E.; or SE, b. E.7E. Diftance.357,4m- 

2 = | QUEST. 


4 
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Quest. X. Four days ago we were in lat. 4° 39'S. long. 83° 16’ E. of 

‘Londan; and nov we are in lat. 0° 35/ N.. having made 200 miles of wefting : 

Required our prefent courfe and diftance to Achen in the Iand of Sumatra ? 
= Je” ; ~ . ‘ ° : F D * 


The fig. is conftrudted by art. 39. 
dat. from 4° 39'S. 
Lat.to § 15 N. 


Dif. lat. - “9 -54==594 miles. ; 





Lat, from 4° 39" S. Long. from 83° 16’E. 
Lat. in o 35N. Long. to 95 5S E. 


Dif. lat. 5 %4=231¢ miles. - Diff.long. 12 3922759 milea 














_ AD = 594 © DE = 159 
AB = .314 FD = 200 = cE 4s 
= f 
BD = 280 = CF, FB = 959 


In thé triangle crs, to find the courfe and diftance. 

As CF: FB;:rad.:t, ZFcB. Or 280: 959 :: t. 45°00! : t. 73° 43’. 
As f. £FCR: FR::rak:cp. Or f..73° 43’: 959: : f. 50° 00" : 999. 
‘Anteer ‘The courfe is N. 73° 43’ E.or ENELZE. -. sO 

"U. The diftance is 999 miles. oY 


Quest. XI. 4 pip from the lat. 10° 38’ N. and bound to a port lying 
282 miles to the S. W. b. S. after three fucceffive days of bad weather, finds 
berfelf in lat. 3°58’ N. and 120 miles to the eaftward: Required her pres 
Sent courfe and diflance to her intended port ? “= 





. The figure is conftructed by art. 39- P al 


In the triangles ABD, find Ap and BD. 


As rad. : AB i: f. 2B : AD. . B 
Or rad. : 282 :: f. §6° 35’: 234,5. 
And rad. : aB ::f. ZBAD : BD. 





: d. : 282°: : f. 33°45/ : 156,6. = es 
Or ra 232 33° 45° : 156, | | . _ 
Lat. from 10° 38’ N. AE =400 ap 0 == 56,6 
Lat. in 3 58 N. AD = 23425 EC = DF = 120, 
Diff. lat. 6 4o=400 m. DE=cF==165,5 BF . = 276,6 








In the triangle crs find the courfe and diftarice. 
As cF: FB:: rade: t. ZFeB. Or 165,5 : 276,6% : rad. : t. 59° 6’. 
Asf. ZFcptFs::rad.: cs. Orf. 59°6': 276,6: : rad. -:-322,4. 
Antu Courfe is N. 59°6’ W. Or NW, b. W.i W. 
ens { Diftance is 322,4 miles, 
; ; QUEST. 


go PLANE SAILING. Book VIL. 


Quest. XII. 4 fbip in the lat. 17° 10’ N. is bound to a a port in the lat. 
of 13° 10' N. the departure being 180 miles weftward, fails thefe courfes. 
' aft. SW. b. W. 27 m. 2d. WSW. 2 W. jgom. 3d. W. b. S. 25m. 
| 4th, W.b. N. 18m. gth. SSE. 32m. 6th. SSE.3E.27 m. 
jth. S. b. E. 25m. 8th. South. 31m. gth.SSE.  ggim. 
Fag her prefent latit. and the direé? courfe and di as ta the defired 
port 


{ 


The figure is conftructed by art. 39, | Departed lat. 17° 10’ N. 
Lat. bound to 13 10 N. 





ED 


TRAVERSE TABLE, Diff. lat. 4 00240 mM. 


D. lat.) 169,2|/Dep.4754 





Now 17° 10 N.=Dep. lat. | And ap==240,0 | Alfo sp=180,0 








60)169( 2 49 S.==Diff. lat. AE==169,2 CE== 47,422FD 
14 21 N.=Pref. lat. | cr—zp= 70,8 BF=132,0 


ea oe (aE 


In the triangle crs ; | 

To find the courfe. cF: FB::rad.:t. 2 FCR. 
Or, 70,8 : 132,6:: rad. : t. 61° §47. 

To find the diftance. 1. 2 FcB: FBi:rad.: CB 
Or, f. 61° 54’ 2,6 :: rad. : 150,3. 
The prefent aeade is 14° a1/ N. 

Anfwer 2 Courfe is S. 61° 54’ W. or SW. b. W 2 W. 

Diftance is 150,3 miles. 


In this queftion . A is the place the fhip fails from. 2 
B is the place fhe is bound te. . 7 


- € is the place come to by the traverfe., 
And cs is the rhumb fhe mutt fal on to come to Bo. | 


7 QUEST. 


YIVITATSEGLELRLOSSNYERSTETT hetero een ety TT MPTATT ete crererisO neve rpregerepersre papas? 
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Quest. XIII. Yeferday at noon we were in latitude 0° 15S. and bound 
be a@ pert bearing NE. b. N. 2 E. in latitude 2° 15! N.3 by the lg we 
“bave run the following courfes, vit. 


NW. 25 m. NE. b. E. 28 Mm. E. b. S. LE. 32 mi, NNE, 4!1 Me 
ESE.ZE.24m. NE.b.N. 39m. WSW. 24 mM. " 


Required the fhip’s place, with the direc? courfa and diflance to the ine 
tended port ? : 


The diff. Jat. ap == 150 m. 


In the triangle aps, the departure 
DB will be found to be 123 m. 

In the traverfe, the diff. lat. az= 
82,6; and the departure Ec=75,5 
miles. 

In the triangle crs, where cr 
67,4; FB=47,5; the courfe is 
N. 35° 14’ E. or NE. b. N. LE. ; 
and the diftance is 82,51 miles. 





~ 


Quest. XIV. A pip from the latitude of 18° 14 N, is bound toa port 
bearing SW.b. 8.2 W. and 138 miles to the weftward ; having failed the 
Sollowing courfes, viz. | 


SSW. 22m. S.b,.E.2E. 38m, NNE.3om. WSW. 57m. 
NNW. 45m. S.b.W.d W. So m. : 


Required the frip’s place, with the dire? courfe and diftance to.the defired 
port ? | 


In the triangle aps, the diff. lat. 
AD will be found to be 168,2 miles. 

In the traverfe, the diff, lat. aE 
=57m. and the departure .ceE= 
70,3 Me 

In the triangle crs, where cF = 
¥II,23; FB=67,7. 

The courfe is S. 31° 20° W. or 
SSW. iW. 

The diftance is 130,2 miles. 
Latit. from - 98° 1 4/N, 
Diff. of lat. o 57 S. 


Latit. in 17 17N. 
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Quest. XV. A fhip in the lat. 1° 00! S. is bound to a port in lat, 
1° 10 M. diffance 220 miles in the NW. quarter; and meeting with con- 
trary winds, runs the following courfes, viz 


NE. b. N. 63m NW. iW. 85m. Northg6m. NNW. 87 m. 


Required the foip’s place, and the courfe and diftance to her port? 


In the triangle aps, the courfe. 
BAB will be found =53° 47’; and the 
departure DB=177,5 miles. 

In the traverfe, the difference of 
lat. AE=285,9. 

The depart. Bc=61,3, 

In the triangle cFB. 

Where cF=(AE—AD=) 155,9. 

BF=(DB—CE =) 116,2. 

The courfe Fcs= 36° 42’. 

The dift. cB=194,4. 

The pref. ie 3° 460’ N. 

Anfwer |e courfe SW. b.S.3W. 

- [Diftance 194,4 m. 





Quest. XVI. A foip in the lat. 1° 36’ N. is bound to a port hing te 
the §. eaftward, diftant 420 miles, and 180 to the eaflward; and having 
plied on the following courfes, viz. | 


SE. bh. E. 59m. SSE.2 E.84m. S.iW. 92m. WSW.43m. 
W. »b. N. 25m. 8.bE. 3 E.62m. ESE. - 89m. E.b.N.37m. 
ESE. 3 E. 95 m. , | 

Defires to know her place, and the direct courfe and diflance to her port ? 


‘In the triangle aps. 


The courfe is S, 25° 23’ F, se 
The diff. lat. AD=379,5. - f 
In the traverfe AEC. : 

: The diff.lat. aE=324,2. eee 


The: depart. Ec=247,4. \ 
The pref, lat. is 3° 48’ S. 
In the triangle crs. 
The diff. lat. cP= 55,3. 
Departure rB=67,4. 
Courfe is S. 50° 38 W. 
OrSW.iW. : 
The diftaace cB=387,18 miles, 





oe ~~ 
SUUIRMONDANRE atop OT Baaettttpurtaricois ep 


— 
—— 
{ 
4 


~ 





A 


FE SERSOTELE RLS | 


telat 


a) 

* tee . 
, ,! Yes 
ete yest 





Book VI. PLANE SAILING. 43 


— Quest. XVII. A frip from the latitude of 4° 10! N. being te make an 
Ifland that bears NE. b. N. diftant 196 miles, and having run thefe courfes, 
wiz. NE. i E.75m. ESE. 1 E. 42 m. NNE. 3 E. 52m. N. b. W. 
34m. ENE.3 E.4g m. It is defired to know her prefent latitude, with 
ber direét courfe and diftance te the Ifland? 


In the triangle abs. 

‘The diff. lat. ap =163. 

The depart. Bp =108,g9. 

In the traverfe AEC. 

The diff. Jat. AE= 128. 

‘The depart. Ec=160. 

And the prefent lat. 6° 18'N. 
In the triangle crs. 

The diff. lat. cr = 35. 

The depart. FB== 51,1. 

The courfe is N. 55° 36’ W. 
Or NW. b. W. nearly. 

The diftance ca=61,93 miles. 





Quest. XVIII. Two pips take their departure from the Lizard in laa 
titude 49° §7’ N. 5 one bound to St. Michael's which lies 715 m. to the 8. 
and 745 m. to the weft; the other bound to Lifbon, lying 661 m. tothe 8. 
and 215 m. to the weft, reckoning from the Lizard; they fail in company 
SW. 2 W. 610 miles, and then part: What is the direg? courfe and diftance 
of each foip to her port ? 


In the triangle ADCs 

The diff. lat. aD = 387 m. 
The depart. pc =471,5 m. 
In the triangle cGb. 

The courfe is S. 43° 07’ E« 
Or SE. b. S. } E. nearly. 
The diftance CL==375,3. m. 
In the triangle CHM. 

The courfe is S. 39° 49’ W. 
Or SW. b. S. 2 W. nearly. 
The diftance cm=427,1 m. 





Vox. HU. D QUESTs 
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Quest. XIX. A pip in lat. 43° 20' N. long. 15° 10’ W. is bound to 
St. MichaePs, bearing 8. 46° 16' W. in the lat. 37°45' N; and from 
thence fhe is bound to Madeira, in lat. 32°25! N. and diftant from’ St. Mi- 
chacl’s 514 m. in the SE. quarter: Required the diftance to St. Michael's, 
the courfe from thence to Madeira, together with the courfe and diftance from 
Madeira to the Ifand of Palma, in lat. 28° 36’ N. long. 18° 00’ W. 


In the triangle asc. | 

The diftance to St. Michael’s, Ac =484,6 m. 

‘The departure BC=350,1 m. 

In the triangle cxp. 

The courfe from St. Michael’s to Madeira is © 
S. 51° 30’ E. or SE. § E. nearly. 

‘The depart. ED =402,3 m. 

In the triangle pFc. 

The courfe from Madeira to Palma is S. 44° © 
07’ W. or SW. nearly. 

The diftance DG =318,9 m. 





Quest. XX. Departing from St. Mary’s, one of the Azores, and bound 
to the river Sierra Leon, after running SE, 36 hours, at 7 knots an hour, 
my fea compafs was fpoiled by a flafh of lightning; then after 8 days direét 
run between the S.and W. I met a fhip in lat. 20° Oo! N. long. 36° 10’ W. 
and bound to Mayo, one of the Cape Verd Iftes, to which I failed in her com- 
pany: Required my courfe and diftance in the 8 days run; e the fame, 
rubile I failed in company; and the fame, from Mayo to Sierra Leon. 


In the triangle anc. 

The diff. lat. =depart. or AB= 
BC—178,2 m. ; 

In the triangle cFp. 

The courfe was 3. 43°13’ W.or 
SW.b. S. 7 W. nearly. 

The diftance co>=11595 m. 

In the triangle par. 

‘The courfe to Mayo at -3, was 
S. 69° 56’ E. or ESE. 3 E. nearly, G 

The diftance p1=836,8 m. 

In the triangle 11m. 


The courfe to Sierra Leon at m B, eS 


was S. 58°20’ E. or SE. b. E. 3 E, nearly; and the dift. im=770.7 m. 
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- SECTION VI 
41. Of oblique Sailing. 


In the preceding feétions the bearing and diftances of places were de- 
termined by the folution of ri ht-angled triangles; but at fea there being 
many cafes in which only oblique pofitions can be obferved, therefore it 
is neceflary to fhew how fuch cafes are to be folved; which will be am- 
ply illuftrated in this, and fome of the following fections. 

To fet an object is to obferve what rhumb or point of the nautical 
compafs is directed to it. 

The bearing of an object is the rhumb on which it is feen; and the . 
bearing of one place from another, is reckoned by the name of the rhumb 
pafling through thofe two places. 

In every figure relating to any cafe of plane failing the bearing of a line, 
not running from the center of the circle or horizon, is found by drawing 

a line parallel thereto, from the center, and toward the fame quarter. 

* The figures belonging to the queftions in this fe&tion are in Plate VIITl 
at the end, in which the figures are referred to by the number of the 
queftion. 


Quest. I, Two rips, a and B, fail fuom two Iflands bearing the one 
from the other NE. and SW. their diftance being 76 miles; A Jails 8. b. Es 
and w runs E, b, 8. at laft they meet: How far has each failed? 


ConsTRuCTION. With the chord of 60° defcribe a circle reprefenting 
the horizon of one of the places failed from, fuppofe of a, the’ northern ; 
draw the meridian ns, and at right angles to it draw the parallel of la- 
titude EW. | | 

In this circle lay off the SY. rhumb so, the S. 5. £. rhumb sp, and 
the E.b. S.sm: through o draw as equal to 76 miles. 

Through B draw Bc parallel to a m, mecting a C drawn through p. 

Then a and B reprefent the places failed from ; ac and Bc the diftances, 
and the angles s ac and 8 A m the courfes which the fhips had failed when 
they met at c. a, 

The diftances ac and Bc may be meafured on the fcale which AB was 
taken from. 


Computation. In the triangle asc there is given one fide AB, and 
all the angles, to find the other fides. 
Thus, 2 a=5 pts.=56°15. For so and s p make § pts. meaf. ZA. 
ZL B=5 pts.==56 15. For Bc is paral. Am; and LB=ZBAR 
: (Il. 95) =spts. 
Zc =6pts.=67 30. For scis paral. Am; and Z2C=LCAm 
| | (II. 95)=6pts. 
Therefore the folution belongs to Problem I. Book III. 45. 
And f. 2c: abi: f. Z A: BC. Or, Asf. 67° 39’: 76m.:: f 5691 §’:68, 4m. 
Now gs ZB rent Patty AC ' equal to BC, (II. 104) 
fails 5. . 68,4 miles. 
ANSWER: 9 B fails E. b. S, 68,4 miles. — 


D2 QUESTION 
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Question II. Cyafting along fhore, a headland bore NE. b. N.; then 
having run E. b. N. 15 miles, the headland bore WNW.: Required the dif- 
tance from the headland at each time of fetting. 


The conftru&tion and computation of this queftion is made as in Queft. 
I.; c being the headland, and ax the fhip’s run. , 
8,496 m. at firft fetting. 


ANsWER, the diftance i 
: nee IS 1 10,81 m. at fecond. 





QuesTIon IIL. Jn doubling a cape, I obferved a caffle up a river bore 
due N.; then running NIV. 6 miles, the cafile bore NNE.: Required my — 


diflance from the caftle at each time of fetting. 


Here c is the caftle, and as the fhip’s run. 
firftis ac == 14,48m. 


ANSWER, the caftle’s diftance : 
- ? Sautance at 9 lat is Bc = 11,08 m. 





Question LV. At noon a headland bore NV. b. W.; then failing NNE. 
5 miles an hour, we anchored at g in the evening in a creck 18 leagues diftant 
fromthe headland: Required its wylance at noon, and bearing fromthe creck. 


ConsTRUCTION, Having defcribed the horizon, and drawn the me< 


ridian and parallel, in the meridian take any point a for the fhip’s place. 


at Arft: draw the NW. b. W.and NNE. rhumbs, and parallel to them 
draw AB, AC. 


Make ac=45m. (=gh.%5m.): and from c with 54m. (=181.. 


X%3) cut ABin B. Then is zB the headland, and c the creek. 


CompuTraTion. Here is piven the fide ac=45 m.3 the fide cB 
=54m. andthe a=78'.45=7pts. for NW. b. W. +2 pts. for NNE. 
=7 points. : 

Therefore the folution falls under Problem I, Book IIT. 45. 

And 28=54° 49’; therefore £c=46° 26’; and aB=39,9 miles. 

Draw ao paratlel to cB, then 2 CBA= Loan= 54° 49’. 

Thercfore Zoan—ZLnaw= Loaw=21°04'; which taken from go° co/ 
leaves 68° 56’. + 


ANsweER, the headland’s ve at noon is 39,9 miles. 


bearing from the creek is S. 68° 56/ W. or | 


WSW. i W. nearly, 





Question V. 4 fhip, after failing SE. b. 8. 62 leagues from ber port in 
lat. 29°16’ N. met a flop that had run 124 leagues from a place bearing 
Wb. N. of the port the ship departed from: What was the floop’s courfe, 
and the difiance of the two ports ? 


The conftruction and computation being made as in the laft, a and 8 
reprefent the ports failed from; and c the place where the veflels met. 
howe ae diftance of the ports 72,18 leagues. | 
“¢ The floop’s courfe along cp is 5. §8°03’E.orSE,b.E,iE.nearly. 
4 : . 4 QUEST. 


z Ce ee ie = 
,  _ «az_ eae gga = Se eee se 1 iia Raat MS a =e” 





a 


oe 


ae a ee ee ee, 





Book VII. PLANE SAILING. | (37 


Question VI. A merchant ship meeting with a frip of war which had 
failed SE. b. E. 39 leagues from the latitude of 45° 30° N. informed them, 
that fhe had been plundered the day before in the fame latitude; and had fince 
run 67 leagues on a direé courfe between the fouth and weft, aud that the 
pirates were cruifing about the place where they robbed ber: Vhat courfe muft 
the man of war fieer to come up with them? . 


~Suppofe a the place the man of war failed from, B the place where the 
merchantman was robbed, c the place where they met; then the man of 
war mutt fail along cB to meet the pirates; which courfe will be thewn 
by cn drawn parallel to cs. | | 
Here the given diftance ac is not drawn from the center of the’circle 
reprefenting the horizon, but parallel to co the given courfe; this was 
done, to prevent the figure from being fo fmall as it muft otherwife have 
been. 
Here are two given fides and an angle oppofite to one of them, to find 


_ the angle B oppolite to the other fide ac. 


oe sfLaAs:ac:f28. That is, As 671: f. 33?45/::391.:f 
18° 52’, 


, ANsweEr. The eourfe which the man of war muft fteer is N.71°08’E. 
For 2acB=ZcBe (II. 95); and g0°—Lucs=—Lnen, 





Question VIL. Tivo fhips fail at the fame time from one port ; one fails 
ESE. and the other SSE. : Required their bearing and difiance when each 
has run 37% miles. 


Here Ap=ac; therefore 2B=Ze Now 4 A=4 points; then 
Lc= Z2s8=6 points. | 


Answer. 8 bears from Cc, N. 45°E. diftant 28,7 miles. 


~ 





t 


Question VIII. Sailing on a SW. courfe at the rate of 4% miles an 
hour, at 9 o'clock in the forenoon a cape bore SE. b. E, diftant 15 miles: Ree 
quired its bearing and diftance at 4, o'clock in the afternoon. 


"Answer. The cape B bears N. 68° 08’ E. diftant 37,44 miles. 


Here the thipis at a at 9 o’clock, and at c at 4 o’clock: the two fides | 
AC, AB, and the contained angle A=g points, are given, to find the reft. 





Question IX. Wanting to know the breadth of a river in the mouth of 
which are feveral iflands, from a cliff on the eaftern fide, I failed NNIV. 
50 miles ; and then running SSW. 35 miles, I reached the weflern foore: 2:- 
guired the breadth between thofe places. | 


- Here AB=50 m. 8C=35.m. and £3=4 points; required ac. 
ANSWER. The breadth between A and c is 35,35 miles. 
D3 3 QUESTION 
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Question X. From two ports, lying under the fame meridian, and dif~ 


tant 236 miles, two foips fail toward the eaft, and meet when each hasrun - 


372 miles: Regutred the courfe of each. 


In Fig. X. a and B are the ports failed from, and c the place where 
the fhips met. Here are given the three fides; but two of them being 
equal, the folution is eafily found by drawing the perpendicular cp. 


3 : ty 2 (III. 49) 
ANSWER. A’s courfe is S. 71° 30’E. and B’s courfe N. 71° 30’ E. 





Question XI. Two fhips meeting at fea, find they had failed from two 


ports in the fame latitude, and diffant 576 miles: the hip from the weftern 


port had run between the N. and E, 328 miles, and the other bad failed 416 
miles: Required the courfe fleered by each fhip. 


A and Bare the ports failed from, and c the place where the fhips met. 





From the three given fides, the angles may be found by B. III. 49 or 50. 


Answer. The courfe from a is N. 44°49’E. and from B is N.55°59/W. 





Question XII. A loop in three days coafted round a triangular-f/haped 
ifland: the firft day fhe ranged along one fide, and her courfes reduced to one 
was SW, diftance 64 miles; the fecond day’s diftance was 106 miles between 


the S. and E.; and that of the third day was 83 miles: Required the dire | 


courfes of the fecond and third days. 


In Fig. XII. The firft day’s diftance is as, the fecond sc, the third 


ac. And the figure is thus conftructed. 

Having defcribed the horizon, and drawn the meridian and parallel 
(22), their interfection a is taken for the place which the fhip failed from ; 
draw the SW. rhumb Aas=64 miles; from A and B defcribe arcs with the 
radii 106 and 83; to their interfection c, draw the lines Bc, AC. - 

Draw the line ar parallel to Bc, and continue CA to o.. 

‘Then the arc s r meafures or gives the fecond day’s ¢ourle. 

And the arc No the courfe of the third day, 

Now the angles being found by eitner method, as in Book III. 62.3 
the courfes will be thus cbrained. , ee 
- From Zac take 4 points= Z sap, there remains Zsac, : 

Thenare sr,or LsaraLsac+ Zc (=Lcar by JI. 95) for the 
fecond courte. | | | ae 

And arc No, or ZNAO= Z8ac (II. 93) is the third day’s courfe. 


Answer. The fecond day’s courfe is S. 83° 29’E. and the third day’s 
N. 46° a1’ W. i ° ; e : _ 


The directions given for this 12th queftion may be applied to the two 
preceding ones. oo Lane is 


& | ) Quest. 
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Question XIII. Sailing into a harbour I ee two landmarks, the 
ene bore E. the other W.; and after running S. 3,3 miles, the eaftern one | 
bore N. 58° 30' E. and the weftern one N. 47° 20° W.: Required my diftance 
from thofe landmarks at each time of fetting them. 


The fhip is fuppofed firft at a, and to fee the landmarks c and p in the 
lines AC, AD; then failing to B, fhe fees the fame marks in the lines Bc, 
BD, drawn parallel to the given rhumbs az, Ao. 

Here are two right angled triangles BAC, BAD to work in; there being 


known in each, the fide AB, and all the angles; whence the folution will 
be as in Book III. 45. : 


ANSWER. AD=3,58 m. AC=5,385 m. BD==4,87 m. Bc=6,316 m. 








Question XIV. Coafling along fhore I obferved two iflands, the one 
| bore BE. and the other W.; then failing SSE. 4 E. 16% miles, the weftern 
ifland bore NW.b. W.4 W. and the eaftern tore NE. E,: Required their 
diffance at each time of fetting them. 


Here are two oblique angled triangles to work in ; and the folution 
- will be asin Book Ill..54; there being one ‘fide aB and all the angles 
known. 


ANWSER, AC=19)45 mM. AD=25,51 m. BC=30,88m,. BD=22,94 m. 








QuEsTION XV. Three fhips, B, C, D, fail from the fame road a, and 
bound to different ports lying in the fame parallel of latitude; B’s courfe ts 
~ NW. b. N. diflance 12 miles; c’s courfe NE. 6. £.3 and v’s cenie 1s 

ENE, 1 E.: Required the diftance of c and D from their ports, and alfo the 
aifiance of thofe ports from one another. | . 


Having defcribed the horizon, and drawn the meridian and parallel, let 
their -interfe&tion c reprefent c’s port, draw the given rhumbs ca, Cn, 
cr: make co=12 miles; produce mc towards A, and parallel to 2a draw 
0B, meeting the weft line in B; draw Ba parallel to oc, and draw 
AD parallel to cv, meeting the eaft line in D: then a is the port failed 
from, and B,C, D, are the ports bound to. 

The folutions of thefe triangles are the fame as in Book III. 54; there 
being given one fide and all the angles. 

Thus 2 3ac=8 points, 2 B=5 points, 2 BCA==3 points, 

The ZBaAD=9} points, 2 D=1§ point. 


ANSWER. AC=17,96 m. AD= 34,36 m, BC=21,6 m. BD= 39,56 m 


\ 


D4 QuxsTION 
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Question XVI. Two Jhips, aand B, fail from the port c3 a fails 
SSE. 50. miles, and B SW. b. §, 40 miles: Required their bearing and dif- 
tance; and how far a is to the fouthward and eaftward of B. 


Defcribe the horizon, draw the meridian and parallel, and their inter- 
fection c reprefents the port failed from. | 

Draw the given rhumbs, in which take cA==50, €B==40: then a and 
B reprefent the places to which the fhips are come. 

Draw As; and through B draw the meridian Bp, meeting the parallel 
AD drawn through a: then Bp is the difference of latitude, DA the de- 
parture, and BA fhews the bearing and diftance fought. 

In the triangle cBA, find the unknown angles, and fide BA by art. 6a. 
Book III. 

Draw cx parallel to BA; then Zsca+ Zcas (= ZAcn (II. 95)) gives 
“scn the bearing from B to A: and Zsczm taken from go° leaves Z BAD $ 
hence Bp, DA, are found by art. §2. Book III. 


ANSWER. BA=43,33 miles, BD= 12,93 miles, DA=41,36 miles. 
And the bearing from B to a is S. 72° 38’ E. 





Question. XVII. Mt fun-rife, being four o'clock, a foip faw a floop to 
the WNW. ard a brig to the E. b. N.3 they all came to anchor along-fide one 
another at nine o'clock, each having run fince fun-rife five knots an haur, and 
the fhip’s courfe was due north: Required the courfes failed by the floop and 


"brig, and their diftance from the foip in the morniug when fhe fet them. 


Draw the WNW and E, b. N. rhumbs ao, an; affume any point p in 


the meridian line for their anchoring place, and in the fame line take 


~DA=25 miles=the diftance each failed; through A draw Ac, AB, pa- 


= —  — ira w 


: * —pe - pe ypeag ‘ 1 ? ae 
TEMSRSELC AES MLDLL ST of SLEESELTO AMY | WU sree ETL peper seperate pa 


rallel to a0, am, and on p with the radius DA defcribea circle cutting Ac, 

AB, in C,B: then A is the fhip’s place, c the floop’s, and B the brig’s, at 

four in the morning. 
Now Lc=ZLpac=Zp ao=6 points; therefore 2 Apc=4 points, 
And LB=ZLDAB=ZD an=7 points; therefore 2 ADB=2 points. 
The fides Ac, AB, will be found by art. 56. Book III. 


CA==19,13 miles, and c’s courfe is NE. 


Answer. } BA=9,755 miles, and B’s courfe is NNW. 


- 





Question XVIIL. Having dropped anchor in a very deep water, in @ ris 
ver, with a buoy and rope of 50 fathoms fixed to it, I fell down the fiream 
till I had veered out 140 fathoms of cable, and then the buoy was 120 fathoms 
a-head of me: Required the depth of water. 


Conftruct the triangle anc with the three given fides, letting CA=129 
be horizontal to reprefent the furface of the water, 


Draw 


bait % . ee 


— 


— 
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Draw sD perpendicular to cA continued ; then B reprefents the anchor, 
athe buoy, c the fhip, and sp the depth of the water. 

In the triangle Agc find (III. 50) the angle acs; then in the right 
angled triangle cps, the fide cs and all the angles being known, the fide 
BD may be found, as in art. 52. Book III. 


Answer. The depth of water pp is 48,71 fathoms. 





- Question XIX. Coming within fight of two headlands bearing North 
and Suuth of each other, the fouthern one bore from the fhip due Eaft, and the 


other NE. b. E.3 and after failing due Eaft § miles, the northern headland 


bore NE. b. N. 4 E.: Required the diftance of thofe headlands from one an- 
ether, and their diflance from the fbip at each time of fetting them. 


In the eaft and weft line take sa=5 miles; draw the NE. b. EF. and 
NE. b. N.2 £, rhumbs Bn, Bp; through a draw ap parallel to gm, meeting 
BDin D; draw DC perpendicular to AB continued. 

. Then pb and ¢ are the headlands; A, B, are the fhip’s places at the 
times of fetting them, and as the diftance failed. 

Now La=(£4csn by II. g5=) 3 points; the 2 ppc=43 points. 

ThenZ asp=1iii pts. (If. 91); LADB= pt. and 2 sapc=3} pts. 

In the triangle app having the fide as, and the angles given, find the 
fides AD, BD, by art. 52. Book III. 

And in the right angled triangle Bcp, knowing the fide Bp, and all the 
angles, find the fides Bc, cp. 


ANSWER. AD==13,31m. 8D=9,565 m. BC=6,07 m. CD=7,395 me 





Question, XX. Having caff anchor, I obferved the bearings of a tower, 
amill, and a lightboufe, known to lie due eaft and weft of one another; the 
fewer bore WSW., the mill SW. b. 8.3 W. andthe lighthoufe 8. b. Wit W.; 
the diftance of the tower from the mill is 5% miles; How far aré each of thofe 
objects difiant from the place where I anchored? 


Draw the given rhumbs Br, Bo, Bn; make BA=5; miles; continue 
ca till it meets Ap, drawn parallel to Br, inj; draw Dc parallel to Ba: 
then D reprefents the fhip’s place, a the tower, B the mill, and c the 
lighthoufe, | 3 

The angles are made out, and the triangles are folved, as in the laft 


— queftion, 


iid DA=9,021 m, DB= 4,46’, m.DC= 3,608 m. and Bc = 1,785 
milics, - 


SECTION 


Ak 
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SECTION VII. 
Of Sailing to Windward. 


42. When the wind is direCtly, or partly, againft a fhip’s direct courfe 
to the place fhe is bound to, fhe reaches her port by a kind of zigzag, or 
z like courfe 3 which is made by failing with the wind firft on one fide of 
the fhip, and then on the other. | 

Ina fhip, and looking toward the fem or head, 

STARBOARD fignifies the right Hang fide. 

LARBOARD the left hand fide. 

ForWARD or AFORE, is toward the head or ftem of the fhip. 

Arr or ABAFT, is toward the hinder part, or ftern. 

The Beam fignifies athwart, or acrofs, the middle of the fhip. 


43. When a fhip fails the fame way that the wind blows, fhe is faid to 
fail or run before the wind 3 and the wind is faid to be right aft, or right 
aftern ; and her courfe is then 16 points from the wind. 

When the fhip fails with the wind blowing directly acrofs her, fhe is 
faid to have the wind on the beam; and her courfe is eight points from the 


‘wind. 


When the wind blows obliquely acrofs the fhip, the wind is faid to be 
abaft the beam, or before the beam, according as her courfe is more or lefs 
than eight points from the wind. | . 

When a fhip endeavours to fail towards that point of the compafs from 


which the wind blows, fhe is faid to fail on a wind, or to ply to wind- | 


ward. 

A veflel failing as near as fhe can to the point from which the wind 
blows, is faid to be clofe hauled. The generality of fhips will lie within 
about fix points of the wind; but floops, and fome other veflels, wil lie 
much nearer. on 


44. The windward, or weather fide, is that fide of the fhip on which 


the wind blows; and the other fide is called the /eeward, or kee fide. 


Tacks and fbeets are large ropes made faft to the lower corners of the 
oe and main fails, by which either of thefe corners is hauled fore or 

* . 

When a hhip fails on a wind, the windward tacks are always hauled 
forward, and the /eeward /heets aft. | 

The flarboard tacks are aboard, when the ftarboard fide is to windward, 
and the larboard to leeward. 


And the larboard tacks are aboard, when the larboard fide is to windward, 
and the ftarboard to leeward, 


45: To know how near the wind a thip will lie; obferve the courfe 
fhe goes on cach tack, when fhe is clofe hauled; then half the number 
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of points between the two courfes, will fhew how near the wind that 
fhip will lie, 


46. The moft commen cafes in turning to windward may be cons 
ftructed by the following precepts : 

Having drawn the meridian and parallel of latitude (or eaft and weft 
line) in a circle reprefenting the horizon of the place, mark the place of 
the wind in the circumference ; draw the rhumb paffing through the place 
bound to, and lay on it the diftanee of that place from the center. 

On each fide of the wind, lay off, in the circumference, the points 
e i a fhewing how near the wind the fhip can lie; and draw thefe 
shumbs. 

Now the firft courfe will be on one of thefe rhumbs accarding to the 
tack the fhip leads with. Draw a line through the place bound to, pa- 
rallel to the other rhumb and meeting the firft, and this will thew the 
courfe and diftance on the other tack. | 

The figures referred to in this fection are in Plate IX. at the end; 
where they are marked by the number of the queftion, 


a 


Question J. The wind is at north, and I am bound to a port 2§ miles 
directly to windward, being on my flarboard tacks, and can le within 6 
points of the wind: What muff be my courfe and diftance on each of two tacks 
to reach my port? : 


The conftrudtion being done as above direéted, Niis the place of the 
wind, A the port bound to, and u the place where the fhip is fuppofed to 
be, when the port is 25. miles to windward of her. 

Now as the fhip leads with her ftarboard tacks, that is, has the wind 
blowing on her ftarboard fide, fhe muft firft fail along the Jine Bc drawn 
parallel to the rhumb az, which is 6 points from the wind ; and the place 
where the other rhumb ag, alfo 6 points from the wind, being produced 
from A toward c, meets with Bc in the point c, is the place where fhe 
muft tack about to reach her port within 6 points of the wind on her lar- 
board tack. | ; 

Here 8c being parallel to an, the 2 B=( ZNAn by II. 95=) 6 points. 

And the 2 BAc=(NaAg, by 11. 93=) 6 points; hence 2.c=4 points. 

Therefore, as 2 B= Zac; the fide sc=fide ca. (IL. 104) 

Now as one fide az, and all the angles are given, the folution falls 

der Article 45. Book III. , 

Therefore, Asfin 2c: aB:: fin. ZBAC: BC. 

Or, As fin. 45° 00’ : 25m. : fin. 67° 30': oe 
- + § on her ftarboard tacks ° 32,66 miles. 
Answer, the thip fails ie her latboard tacks EVE, 32,66 miles. 


f 


QuEsTION 
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QueEsTIon II. A fbip that is bound to a port 80 miles direéily to wind~ 
ward, then at NE. b. N.} E. propofes to reach her port at two boards each 
within 6 points of the wind: Required her courfe and diflance on each tack, 

So as to double a rocky foelf lying in the NW. quarter. 


As the wind is in the VE. quarter, and the fhip is to double a fhelf in 
the MY. quarter, fhe muft lead with her ftarboard tacks; and running 
from B, her.prefent place, to c in a parallel to the rhumb A a, 6 points 
from w the place of the wind, fhe then tacks for her port A, in the di- 
rection of the rhumb a, o, 6 points from w. 

The manner of folution is the fame as in the laft queftion. 


ftarboard tacks NNW. 2 W. 104,5 miles. 


ANSWER, fhe runs on her } larboard tacks ESE. 7 E. 104,5 miles. 





QuesTION III. A frip bound to a port bearing NNE.} E. muf? double 
G cape to the eaftward. Now fhe having run on her larboard tack 15 leagues 
within 6 points of the wind then at N.b. E, the port bore NW. b. Wi W.:. 
dt is required, bow near the wind fhe muft lie on her ftarboard tack, and 
what is the diflance of the port at each time of fetting it ? 


Here a is the place of the fhip at firft, B the port bound to; Ac isthe 
run on the larboard tack, and cB that on the ftarboard tack. 
The diftance az from the port is 10,08 leagues. 
Answer. The run cs is 11,61 Jeagues, and OE points from the wind. 





QuEsTIONIV. 4 ship being bound to a port bearing SSE. and direéily 
to windward, having run on her larboard tack 83% miles within 64 points 
ff the wind, on tacking about falls in with a rock at the fame diftance from 
ber port. What courfe muft foe run on her flarboard tack, how near the 
wind, and what was the port's diftance at firfi? 


_ Here the fide ac=cB; therefore 2 B= Z BAC—6} points. 
Hence Lc=24 pts. Alfo ZB=ZBan=6j pts. Therefore ZNAnm 
m4 Bs points. ‘ a : ; 
Starboard courfe E.'b. N 2 E. 63 points from the wind. 
ANSWER. } The port’s diftance at firft was 40,47 miles. 





Question V. 4 privateer lying by with the wind at NNE, fees a floop 
on her fiarboard tacks, that had juft doubled a point 18 miles to the W. b. 
N. 3 the floop run for her port within 6 points of the wind; the privateer 
gave chace at the rate of eight knots an hour, and in four hours came up witb 


her: Required the floop’s rate of failing, and alfe the courfes of both veffels. 


Draw Ba to the £. b. S. and equal to 18 miles; on a with 32 m.= 
8 x 4, cut the rhumb Bc, drawn fix points from the wind, at w, Then 
= the 
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the privateer is firft at a, fees the floop at B, gives chace-along the line 
Ac, and takes the floop at c ; and Bo drawn parallel to ac fhews the pri- 
yateer’s courfe from the north. — : 


Here are known two fides, AB, ac, and the 2 ABC=13 points. 


The floop fails NW. at the rate of 3,86 m. per hour=-=<. 
ANSWER. : | 4 
; The privateer’s courfe N. 63° 12’ W. 





Question VI. Being within fight of my port, bearing N. b. E23 E. 
‘diftant 18 miles, a ref gale forung up at N. &.; then running 48 miles on my 
darboard tacks within fix points of the wind, J tacked about: Required the course 
and diflance to my port. | 


From any point A draw AB, AC, peas toao,an, the N. 4. BE. E, 
and ESE. rhumbs, the latter being fix points from the wind at NE. 
Make ap=18, Ac=48, and join sc. Then the fhip, at a, firft fees 
her port at B, and failing from A toc on the larboard, muft go from c to 
3 on the ftarboard tacks. 
Here then are known two fides, and the included angle a= 83 points. 
Therefore the folution will be as in Article 48. Book III. ; 


Answer. The hhip has to fail 52,89 miles on acourfe N. 47°42’ W. 





_ 


UESTION VII. A fhip bound to a port met a floop, that had failed from thence 
5804 W, 325 miles, AS wind being at N.b. E.; se heli the foip having 
plied on ber larboard tack for three days, met a veffel which had failed on a direc? 
courfe SE. b. E. 3 E. 412 miles, fince fhe departed from that port: Required the 
fips courfeand diftance between her meeting thofe veffels, and how near the wind 
foe lay. 

Here s is the port bound to, a and c are the points where the fhip met 
the veflels, and ac the diftance run; parallel to which, a line B # being 
drawn, will thew the courfe and diftance from the wind. 


Answer. The diftance ac=524,8 m. ‘The courfe is N. 79° 51/ E. 
6i points from the wind. : | 


» 





Question VIII. Moving my farboard tacks on board, I met ie that 
bad failed NE. b. N. 284 miles from the port I am bound to, and next day I meta 
brig which had failed from thence 326 miles, with the wind then at §.b. E., two 
points abaft the beam: Required my courfe and diftance between the meeting thefe 
veffels, and how near the wind I had lain. 


Here s is the port, a and c the places of meeting. 
There are known two fides and the contained angle. 


The hip had failed S. 64° 6’ E. 42 pts, from the wind. — 
AN pers The diftance run was 125,9 miles. | 


QUESTION 
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Question IX. The wind at SW. and a frip plying to windward, after 


running 4.50 miles on ber larboard tacks, and 450 on her ftarboard tacks, finds 


foe has got 302 miles directly to windward: What were her courfes, and bow 
near the wind? 


From aay point a draw AB=300 miles, and parallel to the wind rhumb 
ww; on A,B, with 450 miles, defcribe arcs cutting in c; then the lines 
AC, CB, being drawn, will fhew the diftances run on each tack. 

The point c is taken towards the N/V. quarter, as the fhip leads with 
her larboard tacks; but had fhe led with her ftarboard, the point c muft 
have been taken toward the SE. quarter. 

The rhumbs ao, an, being drawn parallel to ac, cs, will fhew the 
courfes on each tack. 

Here are the three fides given to find the angles ; but two of the fides 
being equal, the folution is readily performed, as in Art. 64. Book III. 


Courfe on Jarb. is N. 64° 28’ W. 


ANSWER. } Courfe on ftarb. isS.25 32 E. 


{64 pts. from the wind. 





Question X. 4 pirate gave chafe to a floop, 1§ miles a-head to the WSW. 
and both on their ftarbord tacks, the wind at NW. the floop finding fhe loft way, 
tacked about for an ifland in the NW. quarter, 11 miles diftant from her, and 13 
fromthe pirate: Required how near the wind the flcop muftrun to fetch the ifland, 
and whether the pirate can lie up for it or not. . 


The floop’s courfe is N. 10° 05’ E. 5 pts. from the wind. 
ANSWER. } pirate’s courfe is N.66° 54’ W, 2 pts. from the wind. 
Therefore he cannot fetch the ifland. 





Question XI. Being on a NE. courfe with my larboard tacks on beard, an 
ifland bore SIV. diftant 12 miles, and my port bore NNW. ; the diflance of the 
sfland and port is 40 miles: now the wind is at NNW. W. and I can lie no 
nearer thewind than 6} points: Required how far I muff run on my prefent courfe 
before I tack about, and alfo the courfe and diftance I have then to fteer. 


Ina SV. rhumb, from any point A, take ac=12 miles ; and onc with 
a diftance of 40 miles cut AB drawn parallel to the NNW. rhumb an; now 
the rhumb ae being taken 6} points from the wind, through & draw BD 
parallel to ao, meeting CA continued in D. 

- Then A is the fhip’s place, c the ifland, B the port bound to; aD is the 
diftance to run on her larboard tacks, and Bb on the ftarboard. 

In the triangle cBA there are known ca, ch, and ZLCAB=LCan= 
IO pts.; then finding aB (III. 57) in the triangle aD, one fide and all the 
angles beinz known, the fides AD, DB, are found, asin Art. 54. B. IIT. 

The 2p=ca0=3 pts. LBAD= LDan=6 pts. L ABD=7 pts. 


The diftance run on the NE. courfe is.59,75 miles. 


Awswen.} On the ftarboard the muft rua W,b. 8 adh 56,28 miles. 


~ QuESTiQNS 





| QuesTion XII. 4 hip failing clofe by a point fees two lighthoufes, one : 
‘18 miles to the NE. b. EB. the other eight nares to is E. 6.8. ; bis is. 


on ber larboard tacks, within 6% points of the wind, then at SE. b. E.: Reo 
quired how far foe muff run to bring the lighthoufes to bear in one line; and, 
what will be the bearing and diftances of them from the fhip at that time. 


byg 


um} 
nes 


From any point c draw ca parallel to an the NE. b. E. rhumb, and 
equal to 18 miles; alfo draw cs parallel to ao the SE. b. S. rhumb, and 
equal to eight miles; join AB, aad produce it until it meets the line cp, 
drawn parallel to ar, arhumb 6 § points from the wind at SE. 

Then c is the thip’s place at firft; a, 8, are the lighthoufes; cp the 
diftance run to fee them in one right line pBA; then arhumb as, drawn 
parallel to DA, fhews their bearing at that time. | 
In the triangle acB, knowing two fides and the included 2c= 22a 
=8 points, the other angles and fide aB is found, as in Art. 46. B. ILL. 
In the triangle acp, knowing ca, the ZaAcD= Znar=13 } points; 
alfo the Za found before; the diftance cD, AD, are found, as in Art. 55. 


with 


nul 
the 


Ses 


Book III. 


The thip runs on her larboard S. b. W. ; W. dift. 23,38 m. 
ANSWER. + Then the lighthoufes bear N. 32° 17’ E. 
The diftance of a being 38,66 miles, and of B, 18,96 miles. _ 





'  Quesrion XIII. 4 fbip wants to reach a port bearing SW. b. S. at 
two beards, but mu/? double a point bearing S. b. E. the point being 25 miles 
te the NE. b. E. of the port; the fhip can lie no nearer the wind, now at 

SW. than 63 points: Required her courfe and diftance on each tack, 


Take c the point, 25 miles to the NE. b. E. of 8 the port; through 
c draw CA parallel to pz the S. b. E. rhumb, and its meeting with op 
| the SW. b. S. rhumb produced northward, gives a the fhip’s place; 
_ then ap and ps being drawn in the direction of the rhumbs Bs, Br, 
6 } points from the wind at w, fhew the runs on each tack. 

In the triangle asc, there are known Bc, LBAC== LoBa=4 points, 
Z ABC=2 points, £.C=10 points; then aB is found, as in Art. §5. B. III. 

In the triangle asp, aB is now known, LBAD= LoBs=.5 } points, 
LABD= LoBr=7 } points, £D=3 points; hence AD, pp, are found, 


| | as in Article 55. Book III. 
/ Answer. Seth on ftarboard is SSE. 2 E. diftance 58,51 miles. 


ee 


Sourfe on larboard is NW. b. W. 2 W. dift. 51,85 miles. 





QuesTIon XIV. 4 privateer hing bebind a low point which was 6 miles 
to the SW. b. W. of her, fees a foip to the SSE. coming out of a port 18 miles 
diffant from the point; the fhip fleered NW. with a brifk gale at SSW.; 
the privateer fe his cable, and gave chace within © £ points of the wind, 


and takes ber: How far had each run when they met ? 


Take A, 6 miles to the NE. b. E. of c the point; from c with 18 miles 
cut AB, drawn parallel to co the SSE. rhumb, and B is the port hi 
ip 
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fhip failed from; then Ap drawn 6 £ points from the wind, meeting Bp, 
drawn NW. the interfection p is the place where the privateer meets 
the fhip. P 

In the triangle acs, is given Ac, CB, and 2 cAB= Znco=7 points, to 
find AB. 

Thenin A asp, where ZDAB=Lrco=I0f points, 2 DBA=2 points} 
ZL ADB=33 points; find the fides aD, BD, as in Article 55. Book III. 


The fhip had failed NW. diftance 25,27 miles. 
ANSWER. } The privateer failed W. b. N. 3 W. diftance 10,96 miles. 








Question XV. A fip that can lie within 6 points of the wind, fees - 


a headland 21 miles tothe NE. which fhe is to weather, tn order to reach an 
ifland, 9 miles to windward thereof; the wind being at eaft: What courfe, 
and how far muft fhe go on each tack, fhe leading with the flarboard ? 


Draw BA=21 m. to the SW. sc=gm. to the Eaft, join ac; draw 
AD, CD, each 6 points from the wind; then a is the fhip’s place, 8B the 
headland, c the ifland, ap the run on the ftarboard tack, and pc that on 
the Jarboard. 

In the A ABc, is given BA, BC, ZL ABC=12 points to find the other 
Zs, and Ac. 


Then in the A acp, is known ac, and all the angles, to find ap, Dc. _ 


Thus 2p=4 pts.; 2 DCA=pcB+ ZBCA; LCAD=ZLBAD+ ZL BAC. 


On the ftarboard fhe runs 39,19 miles on the NNE. rhumb, 


ANSWER. On the larboard fhe runs 23,12 miles on the SSE. rhumb. 





Question XVI. There is a certain port, to fail into which you muff 
bring the port and a mill, 4 miles to the eaff thereof, to bear due weft; at 
which time a beacon, § miles to the NE. b. N.& E. of the mill, muff bear 
N.b. E.4 E35 you then ficer directly for the beacon, and from thence to the 
port: Required the beft wind, in the NW. quarter, for a foip that goes 
equally well on both tacks, together with the diftance fhe muft run on each tack 
from the fatd fituation to the port. 


In the W. rhumb take BC=4 miles, and in the NE.b. N. 2 E. rhumb 
take BD=5 miles, join pc, and parallel to the N. b. E. } E. rhumb 
Bn, draw DA, meeting CB continued in A. 

Then c is the port, 8B the mill, p the beacon, and a the fhip’s place. 

Inthe A BAD, is given BD and all the angles, to find ap. 

a the A CBD, is given BC, BD, and angle CBD, to find the other anglee 
and pc. 

Draw the rhumb Bo parallel to pc; then the ZmBo being bifected, 
will give the place of the wind as required. ; 


She will run on her larb. N. b. E. 3 E. diftance 4,105 miles. 
ANSWER. ¢ And on her ftarb. S. 61° 40’ W. diftance 8,145 miles. 
The beft wind is that blowing from the NW. 2 W. nearly. 


QUESTION 
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Question XVII. 4 fip in doubling a point direélly to the eaft of her 
port, fees a lighthoufe bearing NNIV. 4 W. which fhe knows lies NE. b. N. 
¢ &. fromthe port, anais 10 miles to the NE. by E. i E. of a beacon bear- 
ing due north of her port; the wind is at W. by N. i W. and fhe can lie 
within five points: Required her diftance on each tack, fuppofing that fhe 
feads with the larbsard, and keeps clofe to the lighthoufe when fie tacks. 


Let p be the beacon; make bc=10 miles in the NE. b. £. 2 E. 
thumb, and c will be the lighthoufe ; draw cs parallel to the NE. b. N. 
{ £. rhumb pz, and its interfeCtion B with the S. rhumb pe is the port; 
through B and c, lines being drawn parallel to the E. and NN/V. 2 WW. 
rhumbs, their interfection A is the place of the fhip. ae 

In the A cpp there is given pc, and all the angles; hence sc may bs 
found. (III. 55.) | 

In the A cBa there is known cs, and al] the angles; hence ac is 
found, as in Article 55, Book IIL. 

Here 2 psc=3} puints, 2 BDC=I0$ points, 2 ncB=2! points. 

And Lasc=4i points, 2BAC= 5} points, 2 acs=6 points. 


The diftance on the larboard tack is 12,49 miles. 


ANSWER. } he diftance on the ftarboard tack is 14,25 miles. 





Question XVIII. A fh:p that can lie on either tack within fix points of 
the wind, then at ESE., having her ftarboard tacks aboard, fees her port di- — 
rectly to windward, and a headland that lies 6 miles tothe NW. of her port, 
bore E. b. N.3 now fhe wants to reach her port at two boards: Required 
ber se and diflance on each, and aljo the bearing and diftance of the head- 
dand when jhe tacks. " 


Let c be the headland, and s, fix miles to the SE. be the port; through 
c and B draw lines parallel to the E. 5. M. and ESE. rhumbs, their in- 
terfeGiion a is the fhip’s place; lines drawn through a and g, parallel to 
the rhumbs, fix points from the wind, will meet in p, the place where the 
fhip muft tack; draw pc, and this fhews the pofition and diftance of the 
headland from the fhip when fhe tacks. 

In the A acs is given Bc and all the angles; find an=8,979. 

In the A asp is known as and all the angles; find ab, BD. 

In the A gcp is known sac, BD, and 2 cBD; find the other angles 
and cp. ; 

Here Gacs=i? points, 2 cAB=3 points, 2 ABC=2 points. 
The LsBap= 6 points, 2 anp=6 points, 2 ADB=4 points, and 
Z. CBD =4 points. . 2 

Ship runs on ftarboard 11,73 miles NE. 

Answer.) : larboard 11,73 miles’S. 

Headland bears when fhe tacks S. 29°32'W..dift. 8,607 m. 


Vou. Il. : E QUESTION 
9 





AY Sour 


i 


a 


*yoog §,f);108 





50 PLANE SAILING. _ Book VIL 


Question XIX. 4 fhip, on ber ftarbeard tacks, paffing by a point, Wjas 
her port eight miles to the E.b. N. and at the fame time a cliff, which lay 
to the NW. b. W. of the port, bore N.b. E. 3; the ship could lte Doha 64 
points of the wind, then at NE. b, E. 2 E. on ber flarboard tack, and with- 
an fevcn points on the larboard ; fhe propofes to reach the port on two boards: 
Required her courfe and diftance on each, together wiih the bearing iia di[- 
tance of the cliff when fhe tacks about. 


Here the point c is taken for the cliff, in order to bring the figure © 
within the limits; but if a, reprefenting the fhip’s place, was taken at ; 
the center, the conftruction would be more fimple.- 

Inthe £. b. N. rhumb, take ca=8 miles; draw ap parallel to the 
S. b. W. meeting cp, drawn SE. b. E. in B, which ts the port bound 
to; draw BA parallel to ac, mecting the S. &. (/. rhuind in a, which is 
the fhip’s place; through a draw Ab, pera'kc) to a thumb €£ points 
from the wind, and through B draw bop parallel to a rhumb feven points 
from the wind, their meeting p is the place where the fhip ts to tack ; 
then pc being drawn, thews the bearing and diftance of the cliff from the 
fhip when fhe tacks. 

Inthe A cas, is given BC=AzB and all the angles, to find CA=6,123. 

In the A ABD, is given AB and all the anwles, to find AR, BD. 

In the 4 ACD, is known ac, Ab, and ZL CAD, to find the cther angles 
and cp. ; 

Courfe on ftarboard is N. b. W. diftance 14,96 miles. 
ANSWER. } Sour on larboard is SE. b. S. 3 E. diflance 16,97 miles. 
The cliff on tacking bore S. 25 21’ E dill. 9,596 miles. 
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Question XX. A flop at fea difcavers tuo beacons at the extremities of 
a Shoal, the one bearing Wb. 8. and the other, which bore §. was nine 
miies to the S. Eb. S, of the northern beacon 3 the port bound to is known to 
lie WW. b. N. of one beacon, and §. b. WW. of the other, and the veffrl can lie 
within 62 points of the wind, then at SW. : Required the courfe and diflance 
on cach of two boards to gain her port; and a:fo her Hee and diftance” 


from the port when fhe firft faw the beacans. 


The conftruction and folution of this queftion being not much unlike 
the two laft, are omitted here, to exercife the learner’s fkill. 


Courfe on ftarboard is SSE. ! 1 E, diftance.16,785 miles. 
Aswan } Courle on larboard is NW. b. W. iW. 16,054 miles. 
Port bore S. 40° 48! W. diftance 9, 56 miles. ' 


SECTION 
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SECTION VII. 


Of Sailing ‘in Currents. 


47. A CurRENT or TIDE is a pregreflive motion of the watery. 
caufing all floating bodics to move that way toward which the ftream is 
directed. | 

The ferting of a tide, or current, is that point of the compafs toward 
which the water runs; and the drift of a current is the rate it runs pe 
hour. | 

The fetting and drift of the moft remarkable tides and currents are 
pretty well known; but in unknown currents the ufual way to find the 
fetting and drift, is thus : | ; 

Let three or four men take a boata little way from the fhip; and by 
a rope, faftened to the boat’s ftem, let down a heavy iron pot, or loaded 
kettle, into the fca, to the depth of 80 or 100 fathoms, when it can be: 
the boat will by this means ride almoft as fteady as at anchor. “Then 
heave the log, and the numbcr of knots run out in half a minute will 
give the miles which the current runs per hour ; and the bearing of the 
log fhews the fetting of the current. | | 


~ 


48. A body moving in a current may be confidered in three cafes: 
Namely, Moving with, or the fame way the current fets. 

Moving againft, or the contrary way to that which the current 
{ets. | 
Moving obliquely to the current’s motion. 

When a fhip fails with the current, it’s velocity will be equal to the 
{um of it’s proper motion and the current’s drift. ; 

When a fhip fails againft .a current, its velocity will be equal to the 
difference of the current’s drift and its own motion. _ r 

So that if the current drives ftronger than the wind, the fhip will drive 
aftern, or lofe way. 

Wren the courfe fet is oblique to the motion of the current, the fhip’s 
real courfe, or that made good, will be fomewhere between that in which 
the fhip endeavours to go, and the track in which the current tries to 
drive it: that is, it will always be along the diagonal of a parallelogram, 
in which one fide reprefents the diftance run by the fhip, and the other ad , 
joining fide is the current’s drift in the fame time. 

For fuppofe appc be a parallelogram, the dia- A B 
gonal of which is Ap. . 

Now if the wind alone would drive the fhip from 
A_to By in the fame time as the current alone would 


drive it from Ato c. Cc D. 


Then as the wind neither heis nor hinders the 
{hip from coming toward the line cp, the current will bring it there in 
the fame time as if the wind did not act. a 

And as the current neither helps nor hinders the fhip fiom coming 
toward the line gn, the wind will bring it there in the fame time as if 
the current did not act. . 
E 2 Therefore 
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‘Sphecciore the thip muft, at the end of that time, be found ‘in both 
thofe lines, that is, in their meeting D. 


Confequently the fhip muft have paffed from a to D in the diago- © 


nal AD. 


49. When the fhip’s courfe and diftance by account, and the fetting 
and drift of the current, are given, the true courfe and diftance of the 
fhip may be found, either by working a traverfe, in which the fetting 
and drift of the current are ufed as a courfe and diftance; or by a trigo- 
nometrical folution of the triangles forming the figure: which is thus 
conftructed. 

From the center of a circle draw the fhip’s proper courfe and diftance, 
and the current’s fetting and drift ; with thefe two lines forma parallello- 
gram, and from the center draw a diagonal, which will fhew the fhip’s 


real cour/e and diltance. 


5¢. It may frequently happen, that a fhip is plying to windward acrofs 


atide’s way. In fuch cafes, 


Firft conftruct the figure for the plying to windward. | 
Then with the courfe on each tack, and the fetting of the curreft, 
form parallelograms ; in each of which one fide mutt be the fhip’s rate, 


and the other the current’s drift. 


And lines drawn to meet one another froin the center and port bound 
to, parallel tothe diagonals of thofe parallelozrams, will fhew the courfes 
and diftances which the fhip mutt run on each tack. 

The figures referred to in this fection are at the end, in Plate X, 
where they are marked by the number of the queftion. 


Question I. A fhip fails E. five 
miles an hour, in @ tide fetling. the 
fame way four miles an hour: Re- 
quired the fhip’s courfe, and the dif- 
tance made good. 


The fhip’s motion is 


5m. E. 
‘The current’s motionis 4m.E, 





} The fhip’s true runis gm.E. 


In this cafe, as the fhip fails from 
A, the fame way the tide fets ; there- 
fore her motion will be quickened as 
much as the tide’s motion is. 


Question I]. 4 foip fails SSIV. 
with a brifk gale, at the rate of nine 
miles an hour, in a current fetting 
NNE. two miles an hour: Required 
the fhip’s courfe, and the diflance made 
good, 


The fhip’s motion 1s SSW. gm. 
- The current’s mot. is NNE. 2 m. 


The fhip’s true runis SSW. 7 m. 


Here, becaufe the fhip fails in a 
contrary direction to the tide, its 
real motion will be flower than it 
appears to be by the drift of the cur- 
rent, 


QUESTION 
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. Question IIT. At ten o'clock in the forenoon, a fhip thet was running 
four. miles an hour, came in fight of her port, bearing ENL. 4 but finding, 
at three o'clock in the afternoon, that fhe had made no way, fufpecicd a cur- 
rent, which on trial was found to fet WSW. five miles an hour: What bad 
been the courfe and real run of the foip during that time? 


In this cafe, had there been no current, the fhip in five hours would 
have gone a-head 20 miles from a to B: and had fhe been becalmed, fhe 
would have driven with the current 25 miles from a to c: confequently 
the difference, AD, of thefe two motions, is the diftance the fhip has run; 
that is, fhe has driven aftern five miles. 





Question IV. A frp in doubling a cape meets a firong tide fetting SE. 
after running SIV. 18 miles by the log, the cape bore N. 3 E.: Required 
the diftance of the cape, and the drift of the current. 


From a the cape, and center of the horizon, draw azn the S/V. rhumb, 
equal to 18 miles ; through B draw Bc parallel to the fetting of the tide, 
or §. £&. rhumb av; then ac being drawn S. 4 W., its interfection, c, 
with Bc, fhews the fhip’s place; and that fhe has run the line ac while 
the tide ran the length of Bc, or an. hi 
In the triangle Apc there is given aB.and all the angles, to find Ac, 
BC. : 
The 23=8 points, 2 Bac=f points, 2 AcB==4} points. 


The fhip has run 22,41 miles S. 3 W, 
ANSWER. ; The tide has run 13,3§ miles SE, | = 


~ 





Question V. 4 fhip falling in with a current that fet NNIV. 3 W. 
difcovers a riff of rocks on the larboard, the eaftern point of which is nine 
miles to the NE. b, N.4 E.3 and can be weathered by fleering E. b.8.: 
Required the diflance the fbip muff run by the log, and aljo the drift of the 


current. = 


Here A is the fhip’s place, c the eaftern point of the. rocks to be wea~ 
thered, AB the courfe fhe muft fhape in order to run along the Jine ac, 
which is the diagonal of the parallelogram formed by as, the fuppofed 
run of the fhip, and az, the current’s drift. 

The apparent run by the log is 10,76 miles. 

ANSWER? And the drift of the current is 10,27 miles. 





Question VI. 4 fhip in croffing the mouth of a river, into which the 
tide fet due eaft, fails from a buoy on the fouth fide, NE. 10 miles, and then 
alls in with another buoy on the north fide, diftant from the fir 15 miles: 


Required the fhip’s courfe, with the a of the current. : 
3 ? 
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In the SV. rhumb take BA=JYO miles ; on A, with 1§ miles, cut the 
E. rhumb, Bc, in c: then A reprefents the fouthern buoy, c the northerr@ 
one; AB is the fhip’s fuppofed run, ac the real run, and Bc the drift of 
the tide. | 


Here there are given AB=10, AC=I5, the 2 B=12 points. 


The fhip’s courfe is N. 61° §2’ E. 


Awswer.] the tide’s drift is 6,161 miles. 





Question VII. 4¢ 11 o'clock in the evening, a lighthoufe bore SW. 4.8. 
anda firing tide was fetting WSW.% W. at the rate of 33 miles an hour; 
we fleered direélly for the livbthaufe, and at four in the morning we paffed 
over a id point 281 miles from th: cape: Required the diftance between 
the lighthoufe and capes alfa the courje the fhip bas run. 

In the ENE. 2 E. rhumb, take BA=17! miles (=3! x5) for the 
tide’s drif. On a with 28! miles cut the 5% b.S. rhumb in c the 
fandy point; through a and c draw lines parallel to Bc, as, and their 
intel {ection D is the lighthoufe. 


The diftance AD or BC is ¥2,72 miles. 


ANSWER. The fhip’s courfe ulong Ac is S. 56° 41’ W. 


~ 





Question VIII. A frip running fouth at the rate of five miles an hour, 
in ten hours croff:sa current, witch all that time was Jetting eaft at the rate 
of three miles an hour: Required the foip’s true courfe and diftance failed. 


Here the fhip is firft fuppofed to be at a, her imaginary courfe is along 
the line aB; but her real courfe is along the line ac, the diagonal of the 
parallelogram, the known fides of which are an=50 miles (=10% 5)5 
and BC=30 (=3X Io.) 


7 
Answer. The courfe is 5. 30° 58’ E. diftance 58,31 miles. 


QuesTION IX. Suppofe that in 24 hours a fhip fails NE. 100 miles by 
Bhe log, in acurrent fetting E. b. 8. 13 miles an hour: What is the courfe 
and diflance made good ? | 


Draw aB NE, and-equal to 109 miles, through B draw Bc parallel to 
the £. b. §. rhumb, and make it 42 miles (13x24); then draw ac, 
which fhews the true run of the fhip from a. 


Here are given two fides, AB, Bc, and 2 B=II points. 
ANSWER. The courfe is N. 60° 49’ E. diftance 128,2 miles, 


7 
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Question X. Afip departs from her port at 8 o'clock in the evening, 
end fatls before the wind, then at NNIV. at the rate of 3% knots an hour, 
ina tide which runs at the fame rate toward the eafiward; and next day at 
‘noon foe found herfelf 84 miles from her port: Required the foip’s true courfe, 
and the fetiing of the tide. | 


In the NNY. rhumb take Ba=56 miles (= 3! x16 h.); on a, with 
84 miles, cut an arc defcribed from & with 56 miles, their interfection ¢ 
is the place the {hip is come to, a being the port failed from, aB the ima- 
ginary run before the wind, sc the drift of the current, and ac the real 
run of the fhip. : 

Here BA=Bc, and the folution is as in Article 63. Book III. 


( The fhip’s true courfe is S. 63° 55’ E. 


ae: U The fetting of the current is N. 74° 40’ E.- 








Question XI. 4 fbip departs in the evening for an ifland, 46 miles to 
the WSIV. but by a firong tide runing to the fouthward, fhe found berfelf 
next morning on a focal 65 miles from her departed part, amd 34 miles from 
the ifland: Required the bearing of her port, and the fetting of the tide. 


% Here a is the port failed from, B the ifland bound to, c the fhoal come 
to; the conftruction is as in the laft, and the folution as in Art. 62. ILI. 


The port bears N. 37° 37’ E. 


ANSWER. The current fets S. 4° 46’ E. 





Questi0oNn XII. 4 fhip, in latitude 41° 18’, is bound to a port in lati- 
tude 46° 30’ N. hing 258 miles to the weft; where being arrived, fhe finds 
by her dead reckoning that fhe has made 384 miles of northing, and 206 mil:s 
of wefting : Required the fetting and drift of the current that occaftoned this 
difference. | 


Here, by the dead reckoning, the fhip fhould have gone from A to B; 
but fhe being arrived at the port c, the drift of the current will be repre- 
fented by the line Bc, and its fetting by the anyle Fac in the right angled 


triangle Brc; tle legs of which, BF, Fc, being the differences between - 


the real and imaginary differences of latitude and departures. - 

Fors, the current fetting fouthward, will caufe the thip-to be longer in 
getting to the northward, and increafe her account of uorthing; and by 
its fetting weltward, it will quicken the fhip’s motion that way more than 
her account will fhew. 


Answer. The current’s courfe is S. 35° 50’ W. and drift 88,82 m. 
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Question XIII. 4 pip from a place in latitude 37° 40’ N,, fails SSIV. 
diftance 48 miles in 10 hours; then ESE. 72 miles in 14 hours; and has 
all the time been in a current fetting SSIV. 1} mile an hour: Required the 
Ship's prefent latitude and departure, together with the direét.courfe and dife 
tance fhe has failed, 

As the current has run 1 mile an hour for 24 hours, its whole drift ig 

6 miles. | ae 

The beft way of folving this queftion is to confider the current as ano~ 
ther courfe and diftance, and then with the three courfes and diftances 
form a traverfe table, as fhewn in Article 36. | 


TRAVERSE TABLE. 





The fouthing and eafting which 
the fhiphas made. being thus known, 











Ae 18,4] the direct courfe and diftanee will 
SSW. 3395} nae eee ie from A, 
10510) 66.5] 3202 AT at and Be the departures’ 


The prefent latitude is 35°55’ N. departure 34,3 miles, 
Direct courfe is S. 18° 3’ E. diftance 110,7 miles. 


_ Question XIV. Vejlerday noon we were in latitude 28°14’ N. and - 
have failed till this day noon the following courfes, viz. SSE. } E. 24 miles 3 
NE. b. Ev} BE. 18 miles; ESE.3 E. 45 miles; and all this time were in 
@ current, fetting S.b. W143 miles an hour: Required the fhip’s prefent 
atitude, departure, direét courfe, and diflance, | 


TRAVERSE TABLE. 


Answer. } 





Courfes. ID, N, S. E. | 


ee GEese eae! sce omens * GEE 


Here the current being confidered 
as a, courle, the traverfe table gives 
the diff. lat. =70,5 miles. 

And the departure=58,7 miles, 
And heace the direct courfe is S, 
39° 47’ E. and the diftance is 91,73 
miles. : 





SSE.ZE. |24 2152] 11,3 
NE, b.E.£E. 15 qt 13,2 
ESi. SE. igs 1552| 42,4 
S.b.W. {42 ‘| 44,2 





7st 7750 66,9 
751] - 8,2 





D. lat.| 70,5] 58,7|Dep. 


In any queftion, where there are given one or more courfes and dif- 
tances failed, and alfo the fetting and drift of the current, the work may 
be performed as above. 

‘The reafon of this is pretty evident ; for as each courfe and diftance is 
affected by the current, therefore inftead of correcting them one by one, 
as fhewn in moft of the preceding queftions, they may be all allowed for 
together, by making a courfe and diftance of the fetting ani drift of the 
current. . 
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— Question XV. At eight o'clock in the evening, a {rip failed from her 
port ona SSW. courfe, four miles an hour; a flrong tide was then fetting 
between the 8. and W.; and at fix o'clock in the morning fhe paffed by a rack 
"70 miles to the weftward, and 60 miles to the fouthward of ber port: Re- 
quired the fetting and drift per hour of the tide. ; 


With 60 miles as a diff. lat. and 70 miles as a departure, find the 
place of the rock atc; A being the place failed’ from; in the SS/F. 
- rhumb take aB=4q (=4%x 10); draw Bc, ac: then as is the fuppofed 
run, Ac the real run, and B¢ the drift of the tide. | 

In the AaAnc, is given aD, Dc, £D; to find the 2a and ac =92,2. 

Inthe A aBc, is known Ac, AB, 2 CAB; to find 2c and sc= 569,37. 


Answer, The tide fetS. 67° og’ W, and ran 5,937 miles an hour. 








Question XVI. Mt fix o'clock in the forenoon a fhip weathered a cape 
in latitude 46° 32' N.; and having run SE. b. §. 24 miles by the log in a 
current, found herfelf at noon in latitude 46° 17' N. and the cape bore 
WNW; Required the fetting and drift of the current. 


Make apxthe diff. Jat.; draw the departure Dc, meeting the ESE, 
rhumb inc; draw AB, SE. 6. §. and equal to 24 miles, and join Bc. 
Then a is the cape, c the place come to, AB the fuppofed run, sc the 
drift ofthe current, and ac the real run. . 
. Inthe Aapc, there is given ap and the angles; to find ac=39,2. . 
Inthe A ABC, there is known AB, AC, 2. BAC; to find the angles, and 
BC = 23,41 m. | 
_ Then drawing the rhumb a 2 parallel to Bc, it fhews the fetting of the 
current. ; 


Answer. Thecurrent fets N. 77° 47’ E. and runs 3,9 miles an hour. 








Question XVII. 4 fhip being bound from Dover to Calais, which kes 
21 miles tothe SE. b. E. & E.; and the tide of flood fetting NE. } E., 2% 
miles an hour: Required the caurfe fhe muft ficer, and the diftance jhe muft 
run by the log, at the rate of fix miles an hour, to reach ber port. 


In the pofition of the SE. 4. £. 3 E. rhumb draw pc=21 miles; and 
parallel to the NE. 4 E, rhumb draw pe=24 miles; on £, with fix 
miles, cut pc in F; draw DB parallel to EF, meeting CB, drawn parallel 


to DE. | 
Then p is Dover, c Calais ; and the fhip, by trying to fail along the 
line pB, will be driven between it and the direction of the current in the 


line pe. | | | ; 
ANSWER, The fhip muft fail S. 39° 14’ E, and will run by the log 
4924 Me , 


QUESTION © 


\ \ 
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Question XVILI. Ye/lerday noon we were in latitude 42° 20'.N. and 
this day at noon find ourfelves in latitude 41° 10° N.; by our account we have 
failed SIV. b. 8. 18g miles, and all the time have been in a current fetting 
NY.: Required the fhip’s direct courfe and diflance, with the current’s drift 


per bour. 


Take ap=70 miles, the diff. lat.; draw aB parallel to am, the SH. 
b..§. rhumb, and equal to 189 miles; through B draw Bc parallel to the 
NIV. thumb ao, mecting the departure pc, andjoia ac. 

Then the fhip from a fuppofes herfelf failing along aB; but by the 
action of the current is driven along ac. | | 
‘. Inthe A ADB, there is given AD, AB, 2 BAD: Required the angles an 
DB=1 36,4. | 

In the A pBc, there is known pB and the angles; to find pc—192 
and BC 123,!. . 

In the A Apc, there is known AD, Dc, 2 ADC; to find the angles and 
AC=204,4. 


The courfe is S. 69° 58’ W. diftance 204,4 miles. 
Answer. } The current’s drift per hour is 5,13 miles. 





QuesTIon XIX. There are two ports which lie 270 miles to the north 
and fouth of one another ; a fhip fails from the northern port, with ber far- 
board tacks aboard, within 72 degrees of the wind, then at S., at the rate of 

our miles an hour, im a current that fets fouth, two miles an hour: Required 
ber courfe and diftance on each of two tacks to reach the fouthern port. 


Draw the line Ap through F, the center of the horizon, S. 72° E. and 
from any point, A, in that line, draw as, due fouth, and =270 miles ; 
through B draw BD parallel to Fm, a rhumb 72° from the wind; then if 
there were no current, the fhip muft have failed from A to p on the ftar- 
board, and from p to B on the larboard tacks: but to allow for the cur- 
rent, take F a2 miles, draw ac, ac, parallel to Fp, Fm, and make ac, 
ac, each =4 miles; draw the diagonals Fe, Fe, of thofe parallelo- 
grams ; then through a.and B, lines drawn parallel to Fc, Fe, meeting 
inc, will fhew the run of the fhip on each tack. 

Here the triangles F ac, Fac, being congruous by conftruction, theres 
fore the ZcAB (= Za Fc) is equal to 2CEA (a Fc). 

. Now in the triangle a@F c, there is given @ F, ac, and F ae=108°; 
from whence the other angles are known} wiz. LaF c= 49° 37’. And 
in the triangle apc there are known the fide Ap, and all the angles, 
whence the fides ac and cB are-eafily found. 


The courfe on ftarb. is S. 49° 37’ E. diftance 208,4 miles. 


ANSWER. The courfe on larb. is S. 49” 37’ W. diftance 208,4 miles. 
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Question XX. A fhip that makes her way good within 6% points of the 
wind, is bound to a port bearing SW. b. 8. % W. rie 476 miles: Now 
the wind being §. b. W and a current fetting §. b. E. 2} miles an hour, and 
the foip failing 7% miles an hour: Required the courfe and diftance fhe muft 
fail on ber fiarboard and larboard tacks to gain the port. 


In the SV. b. S. 4 HW. rhumb, take aB=476 miles; and, through a 
and B, draw the lines AD, BD, in the direction of rhumbs 6! points from 
the wind at S. 4. /V.; then, were'there no current, the fhip would fail on 
the lines ap, DB. 

With the drift of the current 2aa=24, and the run of the fhip 72 miles 
an hour, taken in rhumbs ao, a 4, 62 points from the wind; complete 
the parallelograms, the diagonals of which ac, ad, fhew the courfes the 
fhip will move in, with the compound motions of the current’s drift and 
fhip’s run. . 

Then ‘ac and Bc, drawn parallel to ac, will fhew the run of the fhip 
on the ftarboard and larboard tacks. | 

In the QO Aad are given Aa, ad, Laad; tofindthe Z2daa= 

7. 41. 
: In the A Aae are given Aa, ac, LAac; to find the 2c Aa=74° 54’, 

Then 2BAC=LBAN+ LC Anz} 85° 30%. 

Alfo Ln Ac—LnaB=B Ad,= £ ABC=27°05’. (II. 93) 

Confequently in the triangle acB, there are known one fide ax, and 
all the angles; by which the fides ac, cB, may be found. 


The courfe on the ftarb. is S. 48° 56’ E. dift. 234,7 miles, 
ANSWER. } The courfe on the larb. is 5. 63° 39/ W. dift 514 files 





Moft of the Queftions in the three preceding fections, although not of 
fuch common ule at fea, as thofe in feCtions the 1Vth and Vth, yet have 
their ufes on various occafions, as will evidently appear from many of the 
queftions themfelves, But there is another excellent ufe to be derived 
from their folution, that does not appear at firft fight fo evident to 
learners; which is, the furnifhing them with an agreeable opportunity of 
exercifing their talents in the application of Geometry and plain Trigo- 
nometry. For it fhould be well obferved, that as all the operations re- 
lating to failing.depend chiefly on the principles of Trigonometry; fo 
the perfons, to whom thefe principles are moft familiar, will with the 
greateft readinefs not only apply them to the cafes of failing, but alfo fee 
more clearly the reafon of every ftep they fhall find themfelves neceffitated 
to take. And as a further exercife for the underftandings of thofe who 
are deficous of extending their notions this way, it has been thought pfo- 
per to annex the Queftions in the following fection, with their folutions. 


ad 
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SECTION Ix. 
51. A Collection of Prattical Queftions. 


The figures belonging to the queftions in this fe@ion are in Pl. XI. 
and numbered the fame as the queftions. . 

QuesTIon I. 4 fhip in latitude 47° 30! N. and bound to a port in lati- 
tude 42° 00' N. and 120 miles to the weft, propofes to reach her port by run- 
ning equal diftances on each tack, the firft to be on the meridian: What muft 
the courfe be on the fecond tack, and how far on each? 

SoLuTion. With the given difference of latitude ==330, and the de- 
parture=120, conftruct the triangle asc; from £, the middle of ac, 
draw ED at right angles to ac: then drawing pc, the lines ap, pc, will | 
be the diftances the fhip muft run on each tack. — - 

For Apc is by conftruétion an ifofceles triangle. (II. 93) 

In the triangle apc, find the angle a (II] 46)=19° 59/=Zacp; 
the LacD+ ZcAdD=Z Bpc=39" 58’, the fecond courfe, in the SW. | 
quarter. | | 

In the triangle cgp, find (IIT. 45) pc=186,8. 

ANswER. The firft courfe is S., the 2d S. 39° 58’ W.3 and the dif- | 

tance on each tack 186,8 miles. 


QuesTiIon II. 4 fhip having failed NE. b. E. froma port in latitude 
42°18! N., met a floop which bad failed from a port in the fame latitude, s. 4 
dying 92 miles to the eaft of the fhip’s port: the fum of their diflances made 1§9 
miles: Required their refpeiive courfes and diflances. | 

SotuTion. In an eaft and weft line take BA=92m., from B draw on ) 
the NE... EF. rhumb sc=150m. join ca; then Ep, drawn at right | 
angles to CA, from E, the middle, gives p, fothat pAa=pc. - (II. 93) | 

- Inthe triangle Azc, find (If. 48) the 2 baca114° 27’, and Lacon 
= CAD= 31° 47 . 

Then ZL BAcC™mLCAD=Z BAN=82° 40’; hence 2 BDA=63° 35’. 

In the triangle BAp, find (III, 45) BD=101,gm., and Ap=57,7 m. 

Answer. The fhip failed NE. b. N. ro1,g miles, and the floop 

failed N. 7° 20’, W. 57,7 miles, , 





Question III. Two /bips a, B, fail from one road, their courfes making 
an angle of 50° 00'; A fails between the S. and W. 40 leagues, B failing 
between the S. and E. 50 leagues, has got 15 leagues to the fouthward of a: 
Required the courfe of each fhip, alfo the bearing, diftance, and departure 
from A tos. 
SoLtuTion. With the given fides and included 2 4, conftrué the 
triangle acB: On A, with 15 leagues, defcribe an arc at p, and from E, 
the middle of AB, with the radius BA, cut the former arc in p (II. 131 ;) 
draw the given diff. lat. Ap, and the required departure pB: then c is 
the port failed from, a one fhip’s place, B the other’s. , 
In the triangle acs, find (III. 48) the 2cas=78° 24’, and LCBA 3 
= 51° 36’; the fide AB will be found 39,1 leagues. Inthe triangle apB, 
alah AD, are known, find 2 DBA=22° 34’, Z DAB=67°, 26’, and 
BD = 36,1. , 
ANSWER. A’s courfe is S. 34° 10’ W. B’s is S. 15° 50’ E.; B bears 
fram a S. 67° 20’ E. departure Bp is 36,1 m. the dift. aa 
i$ 39,1 milcs, QUESTION 
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QueEsTION IV. From two ports, bearing NIV. b. N. and SE.b.8. two 
Ships fail, the one NE. the other N. b. E.; they meet, and find that the fum 
of their diftances added to the ee of the ports made 148 miles: Required 
the diftance of the ports, and the run of each fhip. 


SOLUTION. Make a triangle ADE equiangular to the triangle required 
in which one fide, as Ap, fhall be of any affigned length, as 30; and by 
Art. 45. Book III. find pE=41,61; AE=23,57; and the {um of the 
three fides of the triangle ADE will be 95,18: then fay, 

As 95,18 : 148 :: AD=30 > AC= 46,65. 
And as 95,18 : 148 :: DE=41,61 : cB=—64,70. 
Then the other fide aB will be 36,25 miles. 

Agvoiae j The diftance of the ports is 36,25 miles, 

*U One fhip’s run is 46,65 mives, the other’s 64,7 miles. 








Question V. Two ships meet at fea, bound to two ports diftant from one 
another 12 miles: Now if one fails NW. b. N. fix miles an hour, and the 
other NE. eight miles an hour, they will arrive at thetr refpective ports at the 
Jame time: Required the diflance cach foip muft run, and the bearing of thofe 


orts from one another. 


SoLuTion, With the courfes and rates of failing make the triangle 
“ADE, A reprefenting the place of meeting; parallel to pE draw ac= 
12 miles; through G draw. Gc parallel to ap, meeting AE produced in c3 
through c draw cB parallel to aAG,.meeting AD produced in B; then B 
and c are the ports. For an: Ac :: 6:8; and BC=I2=AG, BG being 
a parallelogram. 

In the triangle ADE, knowing AD, AE, and ZA, find 2 D=60° 3¢’, 
£E=40° 45/, and pE=g,01§ miles; then DE : BC :: AE? ACS 
10,653 : : AD : AB=7,988. 7 

Answer yas runs NE. 10,65m; the other NW. b. N. 7,988 m. 

"Uc bears from B, N. 85° 45/ E. | 





Question VI. 4 fleet of fhips fleering SIV.b.S. four miles an hour, 
on feeing a fail, detached a cruifer, which gave chafe SE. five hours at the 
rate of feven miles an hour, comes up with, and takes the chacee After an 
hour's time fpent in adjufting matters on board the prize, fhe fieers for the 
feet, which frill kept on the fame courfe and rate: Required the courfe the 
cruifer muft foape, and the diftance fhe muf? run at feven miles an hour, to 
join them. : 


SotuTion. Let c be the firft place of the fleet, draw cn, SIV. 4. 8. 
and cra, SE.; make ca=35 (=7%x5), CA=24 (=4%x6), and draw 
AB; then is the place where the cruifer took the chace, and a the place 
where the ficet was when fhe left the ¢hace: make AF=4, FE=7, 
rise BD parallel to Fe, and p is the plage where the cruifer joined the 

eet. 

In the triangle acs, findZ can=63° 25’, and 2cBA=37° 46’, and 
AB= 38,39. ‘Then (II. 91) LFAE==116° 35’. In the triangle Fag, 
find ££ = 30° 44’ and LF=32° 41’. | 

Inthe triangle aps, fimiiar to AFE, find Bp=63,58 miles. 

AnsweER. The cruifer muft fteer S, 66° 26’ W. and run 63,58 miles. 

QUESTION 
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Question VII. 4 rip, failing on a WSW. courfe, can fail from the port 
A to the fei B in fix days: But failing at the fame rate (by the log) on a 


NE. b. N. courfe, fhe goes from & to Ain three days, a current fetting all the 
way between the ports ea/t, halfa mile an hour: Required her dead reckoning 
oxtward and homeward, alfo the bearing and diftance of a from B. 


SOLUTION. In the nine days outward and homeward-bound, the cur- 
rent runs at mile an hour, 108 miles eaft, that is 72m. for outward, 
and 36 homeward. In an eaft and weft jine take ap=36, pd=723 
through A draw a WWS/V. rhumb, and through d@ draw a NE. b. N. and 
SW.b. 8. rhumb, cutting the former in E: Through p, Ey draw parallels 
to dE, d A, cutting in B; join AB, and draw BF parallel to EA, meeting 
d a produced in F; then a and B reprefent the two ports, AE the out- 
ward dead reckoning, Bp the homeward, and as the true diftance. . 

For if aF=BE=p/=72 is the drift of the current in the outward atc- 
count, and the courfe fhaped is along as, the fhip muft run between AF 
and AE. Alfo if Rc=AD=36 is the current’s drift homeward, and the 
courfe fhaped is along Bp, the fhip muft run between Bc and Bp. But 
AB is the only common diagonal to the parellelograms FE and DC; con- 
fequently a and B are the ports. 

An the triangle ads, find (IIT. 45) aE=161,6; and eEd=Bp=—74,39m 

In the triangle ans, find (III. 48) 2 pazp=3g9° 39’, and 4DBA=19 
36’. Alfo (Il.45) find aB=gg,c4. | 


~ § The dead reckoning outw.=161,6 m. homew. = 74,39 m. 
En } The true courfe is S. 21° 21’ W. diftance 99,04 miles. 


> 





Question VIII. 4 fhip, after doubling a cape and failing NE. b. N. 
45 miles, recerves in the night confiderable damage froma fiorm; fhe then bore 
direcity toward a lighthoufe hing 24 miles to the NIV. of the cape, and 
having run 40 miles, and the day breakinz, fhe discovers a port 42 miles to the 
north of the cape: What was her courfe and diftance to that port? 


SoLuTion. Draw Aap, NE. b&. N.45m.; as, M. 42m.; ac, NY, | 


24 miles; join pc, make DE=40m. and draw AE, EB; then A is the 
cape, c the lighthoufe, and B the port. 

In the triangle Cap, with the given fides and included angle a, find 
the 2c=70° 582’, £ p= 30° 1634, and the fide co = 46,69 miles. 

In the triangle ape, with the given fides and included angle p, find 
the 2 pEA=87° 08’, Z DAE=62° 36’, and AE=22,71 miles. 

In the triangle BAE, with the known fides an, AE, and included Z EAB, 
find 2 BEA=124° 47’, 2 B=26° 22’, and EB=24,67 miles. 
The courfe from'£ to B is N. 26° 227 E, 


ANSWER. And the diftancé £ B is 24,67 miles. 


QUESTION 
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QueEsTIONn IX. A hip running at the rate of 44 miles an hour, with the 
wind then at E. b. N., blowing two points abaft the beam; at five in the 
evening, being two leagues to the W. b. 8. of a headland, fhe met the tide of 


flosd fetting SSIV. at the rate of 13 miles an hour, and at nine that evening, a — 


dighthoufe which lay to the NNE. } E. of the headland, bore ENE. } E.: 
Required the fhip’s courfe and her diflance from the lighthoufe. 


SoLuTION. From five to nine is four hours, in which time the fhip 
runs 18 miles, and the tide feven miles ; alfo two points abaft the beam, 
or 10 points from the wind, is N/V. 5. N. : 

Suppote the fhip at A; then in the £. 4. NM. rhumb take aE=6, and 
E is the headland; in the A/V. b. MN. take AB=18; through B draw tc 
parallel to the SS/V. rhumb, and equal to 7, join ca, cE; through k& 
draw a NNE. t E. rbumb, meeting in p, an ENE. 3 E. rhumb, drawn 
from c. Then c isthe place which the fhip arrives at, ac is her real: 
run, and D the place of the lighthoufe. | 

In the triangle aBc, where two fides AB, Bc, and the included ZB, 
are known; find ZBCA=I01° 19’, 4 BAC=22° 25’,. and the fide ac= 
15,26 miles. 

In the triangle cAE, where there are known AE=6, AC=15,26, 
LCAE=134° §5'3 find £2 AEC=32°47', LACE=12° 18’, and the fide 
CE= 19,94 miles. | 

In the triangle cED, where there are known cE=19,94m. £D=47° 
49, LDCE=35° 36’, and ZpeEc=96° 35’; the fide Ep will be found 
15,67 miles, and the fide co = 26,74 miles. 

ANSWER. The fhip’s true courfe is N. 56° 10’ W.; dift. from the 

livhthoufe 26,74 miles. 


~ 





Question X. Two fhips departed fram a port at the fame time, and after 
one had failed SE. b. E. 40 miles, and the other SIV. 50 miles, they were 


- equally diftant from a rock which lies directly fouth of their port: Required 


the bearing and diftance of each from the rock. 

Sotution. From a, the port, draw ap S/V. 50 miles, ac SE. b. E. 
40 miles, join Bc, and from F, the middle, draw Fp at right angles to 
BC, meeting the meridian in p, the place of the rock, and join DB, Dc, 
which are equal by Article 103, Book If. . 

In the triangle Bac, where there are known AB= 50, AC=40, ZL BAC 
101? 15/5 find LacB=44° 35’, LABC=34° 10’, and Bc=€9,86 
miles. 

In the triangle arc, where there are known ac=40, 2 BAc=56° 
154, LACE=44° 35’, LAEC=79° 10’; find EC=33,86 miles. “ae 

Then cF=(% Bc)—ECSFE=1,Q7. 

In the right angled triangle. FED, where are known FE=1,07, and: 
LFED=79° 10’; find the fide pF=5,591. 

In the rightangled triangle DFc, where DF= 5,591, FC= 34,93; find 

the 2 Fpc=80" 54’, and pc = 35,38 miles. 


The fhip at: Bis 35,38 m. to the S. 88°16’ W. of the rock. 


“ANSWER. The-fhip at.c is 35,38 m. tothe N. 70° 04’ E, of the rotk. 
9 ; QUESTION 
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QuesTIOn XI. Sailing E.b. 8.7} knots an bour, we faw two iflands, 
one bearing SE. b. 8. the other E. b. N.3 the tide was ‘then running SW. 
b. IV. 2% miles an hour: two hours after, the firft ifland bore W. b. 8. and 
the other N.W.b. N.: Required the foip’s courfe and diflance, together with 
the bearing and diflance of thofe ifiands from one anothers - 


Soturion. In an £.5. 8. rhumb, take acts miles, (71 m. 
%2); through A, draw AB, AE, parallel to the £. 4. M. and Sh. b. §. 

rhumbs; draw cn SW.b. W. and equal to five miles, which the tide 

, runs in two hours; through p, lines being drawn parallel to the MV. b. 
N. and W. 6. 8S. rhumbs, their interfeétions with as, AE, will give B, 

~ the place of the fouthern ifland, and B, the place of the northern one ; 
join AD, BE. : 

In the triangle apc, where Ac=I5, pc=5, and Z acp=45° 00’; 
find the Z cDA=117° §2’, L CAD=17° 08’, and Ap=12 miles. 

Now as ED 1s parallel to AB, and Bn parallel to AE, therefore ABDE is 
@ parallelogram ; and fo AB ED, AE BD. 

In the triangle AED, where AB=12 miles, Z AED==112° 30’, LDAE 
=27° 52’, and LADE=39° 38’; find AE=8,286 miles, and Ep 
6,072-miles. 

In the triangle aBE, where AE=8,286 miles, an=6,072 miles, and 
£EAB=67° 30’; find LABE=6Q’ 15’, the LZ AEB=43° 15’, and the 
fide BE= 8,186 miles. | 


The fhip’s courfe was S. 61° 37’ E. diftance 12 mile 
ANSWER. i The N. ifle bore from the S. ifle, N. 9° 30’ E. dift. 8,r86m. 





Question XII. Coming out of a port, into which the tide of flood was 
then fetting, I faw two headlands, the northern one, which bore ENE. } E. 
was kngwn to be 15 miles to the NNE.£ E. of the other, which then bore 
S. b. E.: after running E.b. 8.4 E. 24 miles by the log, the northern head- 
land bore NW. and the other W.b.S.: Required the fetting and drift of the 
° tide. | 


SotuTion. In a NNEZ. 2 E, rhumb take aB=15 miles; through A 
draw ac N.b. W. and ap &. 4. N..; alfo through 8 draw se WSH’. 
¥ W.and sp SE.; then c, the interfection of ac, BC, Is the fhip’s place 
at firft, and p, the meeting of Bp and ap, is the fhip’s place at laft: 
from c drawan £. 6. 8.3 E rhumb cE=2,4 miles, and join Ep. 

In the triangle agc, where aB=I5 miles, LACB=95° 38’, and the 
£cBA=245° 00’; find ac=10,66 miles. 

In the triangle ABD, where AB=Ig miles; ZApEB=56° 15/, and the 
2. aaD=73° 08’; find ap=17,26 miles. — s 3 

In the right angled triangle cap, where ac=10,66, and an= 17526 : 
find Lacp= 58°19’, Z.apc=31° 41’, and cp=20,29m. | 

Inthe triangle cE, where cE=24, CD=20,29, and A DcE=14° 49’ 3 
find L CED=52° 42’, and pE=6,522 miles. 


“Answer, The tide fet S. 42° 55’ W. and its drift is 6,522 miles. - 


QUESTION 
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Girne: XUN. 4 flip running five knots an hour, difesvers Scilly 
lights bearing NE. b. N. difiant fix leagues, the fload tide being sufi madey 
and fettinz ENE. two milesan hour: Required what courfe foe muft ficer, 
and how far by the leg, to bring ge de leagues to the fouth of the Lizard, 
which les 11 leagues to the E. b. E. of Scilly. 


SOLUTION. Draw sz &. 6, N: £. 33 miles, re S. 15 miles, and 


sa O//. b& S. 18 miles; join SE, AE! Draw ab "ENE, tivo mile: and 
on B with BC==5§ miles cut Ae in C, join Ec; draw AD parallel to Bc; - 


and Ep yparailel to as; then aA reprefents the fhip’s place at firlt, s 
Scilly, v the Lizard, £ the fhip’s place at laft, and Ap the rhumb and 
diftance the muft fail. . 

In the triang tle SLE, where sL= 33 miles, LE=15, and the ZSLE 
== 84° 22’; find Z2L+s=70° 18’, Lose 225° "20, and $E = 34,¢9 m. 

In the triangle ASF, where AS=I8, sE= 34,89, and the ZASE= 
104° 02’; find Zsarasi 59’, LSEA=23° 59’, and AE = 42596 m. 

In the triangle ARC, Where AB=2, Bc=5, and ZEAC=I8B? 14’3 find 


iy a ot a 


Now in the triangle ang, fimilar to the triangle Afc, are known 
AE= 42,96 miles, ZDAE=7” rr’, ZAED=18’: 144, and the Zpem 
154” 35’; hence the fide ap will be found=31,32 miles. 


ANSWER. The fhip muff fail S. 89° 05/7 E. diltance 31,32 miles. 








QuesTrion XIV. A fix o'clock in the evening a privateer fav a fhip at« 
refl-y to windward hearing NE. alout three leagues dijlant, they were both 
clofe hauled, on their far baad tacks; the privateer having faised 18 miles, 
at nine o'clock the foip bore ob. N.¢ E. Now the privatecr fi sding he 
got a-head, would freak with the ship at two o'clock in the merviing : Re- 
quired at what rate the privateer mii fail, aid at what time tach about, 
keeping fix points from the wind, Surging wig the ether foip aces not aber ber 
courfe and rate of faiting. ~ 


— 


SOLUTION. Six points from the wind at N#. on ftarboard tacks is 
NN/IV,; then ina line aF perallel to a NA/J/. rhumb take aczi8 m. 
draw At NE, in which take avg; alfo pG=3, GI=5, reprefeating 
the times between fix and nine, and nine and two o’clock; draw B& 
parallel to AF, and through c draw,an BE. b. N. 1 EF. rhumb cp; join 
DG, draw iE parallel to pG; through E draw EF (x points froin the 
wind, and join EC, CB: then the privateer tacking at F, will meet the 
fhip at E. | 

in the triangle apc, find 2 azc=82° 46’, LAcB=29° 44’, and 
cB=—106,76. 

In the triangle cpp, find Bp=12 ,04, and pc= 8,689. 


Then 8G: GI:: BD: DF=20,07 miles, the thip fails from nine to two. | 


In the triangle cpr, find 2c0=81° 314, LE=25° 214, and ec= 
19,42 miles. 
In the triangle cEF, find FE==11,76, and Bee 07 miles. 


Vor. II. F | > Now 
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Now FE + FC=37,63 m. which run in five hours, is 7,12 m. an hour. 
And Fc at 7,12 m. per hour gives 3h..37 m. 48 f. after nine o’clock. 


ANswER. The privateer muft tack at 12h. 37m. 48f. and fail 7,12 
miles an hour. 








Question XV. Truvo frips fleering between the S. and W. parted com- 
pany in latitude 20° 15/ N. one going 24 points more wefterly than the other; 
’ mext day at noon they arrived at two ports in latitude 10° 16’ N. and diffant 


45 miles: Required the courfe and diflance which each fhip failed after they 
parted. 


SoLuTion. In an eaft and weft line take cB=45 miles; on cB de- 
fcribe (If. 89) the fegment cBa of a circle that fhall contain an angle 
equal to 30° 56/=2 3 points; in the meridian take BH= 59 miles, the 
diff. lat.; through H draw Ha parallel to cB, meeting the circle CBA in 
A; draw AF parallcl to HB, meeting CB produced in F, join AB, AC, and 
from EB, the center of the circle cBa, draw EA, EB; EG parallel to CB, 
and ED parallel to BH. | a 

In the right angled triangle EBp, where 2 DEB= (ZCAB=) 30° 56’, 
and pp=22,5 miles; find ED=FG= 37,54, and EB=EA=43,77m. = * 

In the right angled triangle AEG; find 2 AEG=29° 22’, and EG= 38,165. 

Inthe right angled triangle AFB, where AF=59 miles, BF=DF (= 
EG)—DB=15,65; find ZBAF=14° 51’, and aB=61,06 miles. 

In the right angled triangle arc, where AF=59, CF=CB+BF=60,65 
miles, and ZCAF=45° 49’; find ac=84,62 miles. 


Avewek The courfe of one fhip is S. 14° 51/ W. dift. 61,06 m. 
° "2 The courfe of the other is 5. 45° 47’ W. dift. 84,62 m. 


eee 


Question XVI. Two frips, a anda, both going at the rate of fx knots 
an hour, parted company in the latitude of 45° N. a_fteering in the NE. and 
B in the NY. quarter, next day at noon they both arrived at their ports, A 
in lat. 45° 58’ N. Binlat. 45° 36’ N. and the fum of their departures was 


64 miles: At what hour did they part, and what was the courfe and diflance 
each fhip bad failed ? 


Sotution. Make the departures Fc=64 miles, the diff. lat. FB=58, 
and Gc= 36 miles; draw sc, and from kK, the middle of sc, draw KE at 
ripht angles to BC, meeting FG in A, and BF produced in EB; join Ac, AB; 
ae AH parallel to Fs; and cD, Bx, parallel to FG, meeting AH in 
Iand H. | 

In the rizht angled triangle ppc, where pc=64, pB=22; find 
“£prc=71° 02’, LpDcB=18" 58’, and Bc=67,69 miles: Hence BK= 
KC= 33,54. | 

In the right angled triangle BRE, where 2 e==18° §8’, KBE=71° 02’, 
and KB= 33,04 miles; find sE=104,1: Heuce BE~-BF=FE=46,! 
mriles. . 


In 
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In the right angled triangle EFA, find FA=15,84 miles: Hence ae 
= 48,16. 

In the right angled triangle arc, where AI=(Gc=) 36, 1¢=48,15; 
find Z 1AC=53° 13’, and ac=6),13 miles. 

In che righcangied triangle Aub, fiud ZRAHI5° 17’. 

Now AC or AB=60,13 divided by 6 gives 10,02 hours=10h. rm, 
12 f. 


( The fhips parted at rh 58 m. 48 f. in the morning. 
A’scourte is N, 15°17 \V. B’s is N. 53° 13’ bk. dift. 
run by cach is 62,13 miles. 


ANSWER. 





QuesTION XVII. Puffing by a rock wvhich lies of the mouth of a kar- 
. beur, the breadth of which is 12 miles, the weflern paint bore NNW. and 
oss nine mitles dijlant from toe town; the eaflern point Lore NE. b. Nand ts 
fix miles from the town: Required the diftance of the rock fram the weflern 

aud eaftern points, and alfo from the town, which bore N. b. E. 


SoruTion. With the three given fides, 12, 9, 6, having conftru&ted 
a triangle where A and ¢ are the. weftern and caftern points of the+har- 
-bour’s mouth, and B the town; make the 2 ACD= 3 points,= Z between 
the bearings of a and B; alfo mza.e the ZCAD=2 points= Z between 
the beariags of c and B; throuzh anc detcribe a circle, and throuzh pb 
| and B draw the right line BF, meeting the circumference of the circle 
again in F, the place of the rock, 
Forthe ZAFD=ZLaAcD=3 pts.; andZcrpD= ZcaD=2 pte. (II.129) 
In the triangle anc, find ZBAcC=28° 57’, the LBcaA=46° 33’, and 
the Z ABC==104° 30’. 
In the triangle Acp, where ZADC=123° 454, LDCA=3 points, 
2. DAC=2 points; find DA=8,018 miles. 
In the triangle Apa, where an=g, AD=8,018, and ZeAp=6° 27’; 
find the ZABD=41° 051’: Hence Lc3n=5 4° 242’, 
In the triangle ABF, find AF=10.65 miles, and Fe=15,64 miles. 
In the trianzle FBc, find FC=14,02 miles. 


ANSWER. FA=10,65, Fe—=15,64, FC=14,02 miles. 
mr ES ttt tere 


Question AVIT!. Mt night, having cuff anchsr among aclufi-r of iflands, 
d obferved three lishtiaufes, ay 8, C; A bore NNE. 8 bore SSE} Ly and 
C bore weft ; the diflance from A to Bis 94 miles, from B to C 78 miles, aud 
from ato Cis §9 miles: Required my diftance from each lighthcu/c. 


SoLruTion. Let asc be the triangle formed by the diftances of the 
three lighthoufes; on cB, CA, defcribe (II. 89) fezments of circles that 
fhall contain the angles included between the bearings of .c and B, and 
of c and A; and the interfection p of thefe circles, is the point where 
) the fhip caft anchor: through the centers H, Ky draw ag, bc, at right 
angles to CB, CA, mecting the circumferences of the circles in £ ani G3; 
and draw EB, EC; HB, HC; GC, GA; KC, KA; and join KH cutting 
CD in m. 
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Now becaufe cp is a chord common to both circles, therefore Hx bi- 
fects itin m: alfo, becaufe Zeppe and LceER together are meafured 
by half the circle (II. 128); therefore 2 Cup=180°——Z CDB; and for 
the fame reafon, the ZcGA=180-—Z cna; therefore the angles CEB, 
€GA, are known ; and (II, 127) fo are their equals 2cHa=61° 522’, 
CKU=07° 20: 

In the ‘triangle cas, from the given fides find Lcas=55° 48', 
LcraA=38°44', ~ and the {2 RERZ=BS 28% 

In the right angled triangle caH, where Ca=39 m. 2 cHa=61° 523’ 
find cH= 44,22 miles. 

Inthe right angled triangle c/k, where cp=293 m. 2 cKb=67° 30' 5 
find Cha 304 MICs, 

In the triangie KOCH, where KC=31,93, CH=44,22, the LKCH= 
130° 067 (= 4 KCA-+ ZACB+ Zech); find aaa d 40' and Z. 
cnHe=18? 14’, 

Inthe right angled trianele crim, where Lonm=s8? 14’, and cH 
=44,22m. 3 fid cm= 33,84 miles, which doubled gives cp=27,68 
miles. 

In the triangle ACD, Where cp==27,68 m. ZLcaAD=25° 402’, ane 
LACD=41° 4G3°3 find ap=47,6 ie 

In the triangle Ap, where An=g4 milesy ZBDA=129° 223", LDAB 
30° 0723 tind pB=261,03 miles. | 


. A is 42,6 miles. 
Axswer. The diflance from p to 4 8 is 61,03 miles. 
C is 27,68 miles. 





+e ne 








Quesrion KLX. [a fatitud: 48° 50° MN. we were attacked by a oe 
beers LO pou recetving our brea if: de. lay te, aid we flsod away NN. 
hae time after the Lrivatesr bare “eit ay vi. b, Nv and tiva hours after, 

a 
baci by our Mee ot run ten wiileSy tees fovcn miles direcily eafl of an 
Nii ty aur accaitat ive bad fated aur learecs fh ace the aclion,.and the trl 
edie tine pad ria tig ntthes aa hour: Required the fitting of the tide, ie 
tine the privitecr day ta, our rate of failing, and each fhip’s eirect courje and 


- ; \ 


SoLurqton, Suppefe the action at a, then parallcl to the NAF, 
and Wk, 6. No rhumbs, draw aB=12 m. Ac=1om. and join EC3 
turou ra c diaw cp==7 mics due welt; join Ba, and in this line pro 
Cuced take pizz4 miles, the tide’s drift in two hours; draw CF parallel 
and cqual to bry trot oh F draw a weft line FC, meeting Blin f, and 
a weridian throush A, in G3 and diaw AF, AI, which repreient the runs 
of the two fips, F being the place cf the privateer, when fhe was feven 
raiics caftof the other thip, then atl. 7 

In tne triangle AUC, WATE AS92, AC= 10, aid eae 153 
fil ACR S91 el CARO SS 5) 22) in PCS 5-iniles, 

In the triansle Bop, Where BES 10,5210, cys.7 my. LB enzis? 168! 
(71% 312 —56¢ 16°); fied Zevemi 38? gn’) Lreoez6’ 04, aad 
BLmajiy7 mics, Walcals tue Ude’s run whue the privateer hiy by. > 


In 
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In the triangle AcF, where CA=10 m. cF=4 m and 2 ACF=$2° 
25 (= eer 2 DCA); find ZAFC= 74°52)’ LCAF=22° 422” and. 
AF 10,27 miles, the dittance failed by the privateer. 

In the night angled triangle AGF, where, AF=210,27, the ZFAG= 
(LGact+ LCAF=) 56° 272/ find aG=5,675, and Gr=8,561 miles. 

In the right anvled triangie AGI, where AG = 5,675, Gi=(GK—(iF=) 
1,561 3 find 2 GA!=15° 23’, and AI= 5,886 miles. 

Pas 4,197 m. divided by 2m. per hour, gives 2,098 h.=2h. gm. 
52f, 
| "The arster lay by 2 2h. 5m. 521. nearly. 

Mean The tide fets S. 48° 40° E. 
7 "') The privateer failed N. 56° 27’ E. diftance 10,27 miles. 
The other thip failed N. 15° 23’ E. diffance 5,886 miles. 


f 








Question XX. From the ports A, B, Cy dying under the fume paraicl of 
latitude, B beizg 60 miles, and C 160 ‘miles to the eaft of A, three Joips fail 
txvard the NIV’. guarter and meet tasether, B havitig faile f twe points, and 
C 3: points farther from the meridian than A had: Reguired the courfe and 
dijiance each foip has run. ; 


SOLUTION. Inaneaft and weft line cn, take CA=160 m. AB= 
60 m. make the angle ACE=2 points=22° 30’, the angle cAE=14 
points = 16° §2’; and j jolp EB. | 
~ Through the points Agec delcribe a circle, cutting the ine EB produced 
in Hy and j join HA, HC. 

‘Now LAHE=ZACE3 and 2 BHEC= LBAE (II. 129) 

Therefore thips failing from a, 8, c, and meeting in Hy, their courte 
will ditter by the quantities propofed. 

For drawing a meridian up, the angles DHA, DHB, DHC, will re- 
focRively reprefent the angles which tne fhip’s courfes. make with the 
DCLG Ai. 

In the triangle ACE, where Ac=160 miles, LEAC=I# points, Z ECA 
= 2 points, and LALC=I2# points; find the fide EC=743,21 miles. 

In the triingle BCE, Wiere BCSIOO m. CE=73,21, and the ins 
cluded ZBCE=22° 30’; find the angle CEB=116° 37’, and 2eBEex 
40° 53°. | 
~ Hence ZABH==40° a (If.93)5; the 2HAB=116° 37’. 

In the triangle ANB, whicre Ab Ob, and all the angles are Knowas 
find HA==102,6 mites, and H3=140,2 miles. 

In the triangle Aric, where Ac=160, and all the anzles are known, 
find HC =225,5 miles. 

a’s courfe is N, 26° 37’ W. diflance 102,6 miles. 

ANSWER. j B’s courfe is N. 49 07 W. diftance 140,2 mues. 

_ bcs courie is N. 65 59 W. dillance 225,5 miles, 
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SECTION xX. | 
OF the furveying of Coafts and Harbours. 


From what has heen already faid in the preceding feCtions, an intellt- 
gent reader would fee how the bufinefs of taking the bearings of part of 
a coaft, and of plottinz or delineating it, might be done. But as there 
are fome particulars, which can be gained only by experience in the art 
of furveying, it will not be improper to apprize the learner concerning. 


them, to qualify him to go more readily to work. 


2. To tate the Draught of part of a Coaft in foiling along it. 

if. Having bovvitine fhip to a convenient place, from which the 
principal points of the coutt, or bay, may be feen, either caft anchor, if it 
as convenient, or Le ta as Yeadv as peMble 3; or if the coaft is too fhoal, 
Jet he oblervations «nd mean:es be done ina beat. Then while the 
voflcl is ftotionary in that fiiuation, take the beatings in dezrees of fuch 
points of tue coat, as form the moit material projections, or hollows, 
with tee aginvuth compais 5 write down thefe bearing and make e rough 
fretch of tae appearance of the coalt, obfrving carefully to mark the 
points, the bearings of which had been taken, with Ictters, for the fake of 
rcference. 

2d. Then let the fhip or boat run ina direct Jine, which muft be very 
carcfuny meafured by the loz, or otherwife, one, two, or three miles, 
more or lefs, until fhe comes into a fituadon from which the fame points. 
‘before obferved can be feen asain. There let the veffel lie fteady, as.at 
the forczoing fhition, and obferve again the refpective bearings in degrecs 
of the fume points, which are allo to be written down; and a rough 
Ketch of the coalt fhould alfo be taken from this ftation. But while tne 
velicl is running tae bajfe dine trom flation to ftation, a more accurete 
drawin® of the appearance of the coaft fhould be made. 

31. Lo map these chjervations. In fome convenient part of a fheet of 
paper detcribe a circle, draw the magnetic meridian, lay off the fevera! 
bearings taken from the frit (lation, and let them be-numbered J, 2, 3, 
Gc. on the outfide of the circie: lay down a:fo the feveral bearings taken 
from the fecand ftutien, Jet thefe be numbered 1, 2, 3, &’c. on the infide 
of the circle, cblerving that the bearings of the fame points are numbered 
with the fame figures. 

4th. Draw a line to exprets the fhip’s run both in length and courfe; 
andtrom that end of the line expreffing the firft ftation, draw liacs p2- 
ralicl co tae refpective bearings taken from that end, and marked on the 
ovtfide of eke circle: allo from the other end, draw lines parallel to the 
bearings taken at that end, and noted on the infide of the circle ; mark the 
interfection of cach pair of tines, direéted to the fame point, with the numa 
ber annexed to their bearing ; and through the interie@tions, fo marked, 
draw, by hand, a curved line, oplerving to wave the line in and out, as 
near as can be, like the bending of the coat itfelfi Laflly, Set off the 
variation of the compafs from the north end of the mognetic meridian: 
toward the right hand, if it be eaft, or toward the left hand, if it be 
wett, and draw the true mesidian through that point and the center ef 
phe circle. 
sch. Againit 
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sth. Againft each part draw the appearance of the elevated, or low 
ground, as marked in the fketches, diftinguifhing rocks, cliffs, high-land, 


~ Iow-land, fand-hills, &%c. If there are any currents, or eddies, expre{s 


them in their proper places by darts, or arrows, the points being turned 
that way the current fets. Putin the feveral foundings at low water in 
{mall figures, diftinguifhing whether they are fathoms or feet; fhew the 
time of high-water on the full and change days by Roman figures, and 
tel) the rile in feet. Put in a compafs, anda fcale of miles or leagues, 


fuch as the veflel’s run was laid down by; add the name of the place, the 


coa{t, and the latitude and longitude, as true as can be obtained. 

6th. If there are fhoals, or fands, on the coaft, let them be taken by a 
boat failing round them, and keeping an account of the courfes, diftances, 
and foundings. But to put them in the draught, the boat muft take the 
bearings of two points on the coaft, the bearings of which have been 
taken from the fhip, from fome part of each fand or fhoal fo failed round. 
Or, the bearing of the boat at fome part of the fhoal, or of fume beacon 
in that place, muft be taken by the fhip at each of the {tations where fhe 
took the bearings of the fhore; for by either of thefe means one point of 


the fand being obtined, the reit of it can be laid down from the boat's © 


account. 
7th. If the coaft to be furveyed is a bay or harbour, winding in fuch 
a manner that all its principal points cannot.be feen at two {tations, let 


,as many bales, or lines, be run and meafured exactly, as may be found 


neceflary ; obferving that thefe feveral bafes run join to one another in 
the nature of a traverfe, and that each new fet of objects, or points, 
obferved, be taken from two ftations at the end of a known diftance, 
Or, look out for three or more remarkable objects on fhore, which 
lie as far out of a right line as pofible, and may be feen from every part 
of the bay or harbour which is to be furveyed. From any convenient 
ftation let the bearing of one of thefe objects be taken with the compafs, 
and the angles which are fubtended by this and each of the others, be 
obferved wit Hadley’s quadrant. et the fhip run from this ftation, in 
a direct line, as far as the nature of the place will admit of, meafuring 
the diftance run by the log. Bring the fhip to, or come to an anchor, 
and let the angles which thefe objects fubtend be-again meafured with 
the quadrant, and the bearing of that obje€t be fet with the compafs, 
which was fet before. By thefe means, the fituations of the objects on 
fhore will be had with refpect to one another, ‘and to the bafe line; after 
which the pofition of any point may be obtained, by meafuring the an 


gles fubtended at that point, by any two pairs of them, with Hadley*s 


quadrant. 


8th. If any particular parts of the harbour cannot be conveniently feen 


from either of the ftations, take the boast into thofe places, and cae 

well examined them, make fketches of them, eftimating the lengths a 
breadths of the feveral inlets, either by the rowing, or failing of the boat, 
taking as many bearings, foundinys, and other notes, as may be thought 
necefiary ; then annex thefe particulay views in their proper places in the 

general draught. | | ee 
gth. If there are any dangerous fands, or rocks, befides inferting 
them in their proper places, there fhould be a double line drawn through 
that point and one or more objects afhore ; and for this purpofe, chuie a 
F 4 | church, 
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. church, mij], houfe, adie tree, a aie or any other remarkable thing 
that can be diftin&ty feen at fea, and aaich canbe brought to bear tn the 
fame rizit line with the point to be avoided, But if that point is under 
water, there muft be two land-marks brou ght to bear with the danger, in 
the fame right Jine; and alfo two others Shick are in a direction, as 
nearly at rightangles as can be to the fornier two 3 and that thole land- 
marks may be put down in their proper places in the chart, their bearings 
mu:tatio be taken froin two of the thip’s ftations. 

toth. It fhould be remarked in the drausht what places are unfit for 
anchorage, and what ure fit, by wiiting rocky ground, foul anchorage, gotd 
anchorage, dic.5 end in the latter to draw the fizure of an anchor. Alfio, 
if there is any particular chennel more convenicnt to fail through thai 
another, it is to be pointed out by lines drawn to its entrance from two 
or more noted marks aftiore. 

The foregoing method of furveying a coatt fuppoies in general, that it 
is taken bya thip i in her pailuge ¢ alongs, not having ane opportunity of go- 
ing athere. But when the circum#ances will permit the meafures and 

oh fervations to be made on land, the furvey can be taken more acc -curately 
than on the water, | 


53: To jurvey a Eartour by Obfervations on Shore. 


rf, Make an eye-draucht of the place to be furveyed ; and in going 
round its coais, fix flation jlaves, or ftraight poles, tall enough to be fect 
gt accommdiethie ditiance, inthe nell re wiarkable points and “bendings of 
the fhore; but if at any of thote places there is a noted tree, houfe, or 
auy other remarkable tain, that object may ferve imiftcad Be a Gadoh 
it:: Af ; and it will be convenient to biack the flaves, and tie a piece of 
white bunting to the tep of cash. “Phen in the eye-draught put letters 
attle noted points, or marks, tor the fake oF difhi action. 

aa. Chute the mot extedive and level frot of eround youcan meet 
with, to‘nmesture vour base line on, which f\.ould not be lefs than a tenth 
p.rt of the distance of the two extrome ebjects which are to be obferved 5 
and Tce the die Gton of the ncaiured baie line be fuch, that as many of 


the {lations zs poilible ney be iken from each end of it, “Che vearing, 


or poiition, of this bale, mu! be well determincd in degrees and minutes 3 ; 
and its luneth accurately megtured; either by a me.furing chain, or bya 
piece of log line, 
3d. From each end of the bafe, oliferve with Hadley’s quadrant, the 
angies fubtended between the other end and each of the flation flaves, or 
obj cts which had been before remarked at each point or bending of the 
Cok ; and write them Gown orderly i in your bock, or mark them on the 
eye Grou, bt. 
ath. Then thefe mealyres and anzles being plotted, or aid dow: 
Ww A sive tne moft confpicuous points’ of the “thore ; the intermediate 


fpu.cs are to be filled up from the ixctches of them mace on the f{pot, as 
1a &:h of Article ¢2. 


cth Bit if any of thefe objecs foatd fpread on either hand fo far 
P25, ic  Jimits of the baie, that at either end the other end and thofe 
Ov. oF {taves fhould appear nearly in the fame direction, or to make 
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can be feen only from one end of the bafe; then Jet the bearings of fuch 
objects be taken froma place, the pofition of which has been determined 
from both ends of the meafured bale: or, if there are feveral remarked 
abjects which cannot be feen from either end of the bafe line, let the 
bearings of fuch objects be taken from each of two points, the pofitions 
of which have been taken from both ends of the bale: or, it may on fome 
occations be proper to chufe another place, on.which another bafe of a 
convenient length may be meafured, and from the extremities of which 
the ends of tne firft bate may be feen; and alfo, as many as can be of the 


— Femaining objects which lay too oblique for the firft bafe, or which could ° 


net be feen from it: in fuch manner proceed until the bearings are taken 
of all the points that are judzed necefiary for completing the furvey of the 
harbour. 

Ifa bafe of a fuffcient length cannot be meafured in one right line, 
it may be taken in two adjoining lines, as the two fides of a triangle; the 
included angle being accurately taken, and the bearing of either line. 
~The pofitions of objects taken by a magnetic compafs being liable to 
great uncertainties, as is well known to thofe who have had any expe- 
sicnce, efpecially at fea; the mariner has therefore been directed, in the 
foregoing inftructions, to take as many of the angular pofitions as may be, 
by the Hadley’s quadrant, the defcription and ufe of which will be given 
inthe IXth Book. © | 

54. When the outlines, or limits of an harbour, bay, road, &c. are dee 
lineated by the preceding precepts; the appearances of the fhores, with 
the adjacent remarkable objects, correctly drawn ; a compafs with the 
variation and {cale properly fitted to the plan; the ifles, rocks, fands, &e. 
marked in their proper places; the fetting and drift of the currents, and 
tides; the times of high-water on the days of new and full moon, with 
the rife of water at thofe times, and whether whole tide, or tide and part ; 
the be{t anchoring places, with their foundings at low water, and the 
wisds open to them ; the beft track, with the foundings all the way to 
thofe anchoring-places ; the proper failing marks to avoid dangers; the 
winds, if there are any troublefome ones, which prevail, and at what fea- 
fons 3 the places where frefh water can be got, and the time in which a 
boat’s crew can fill a number of hogfheads at thofe places; the name of 
the place, the country in, on what fea, the latitude and longitude; a 
{ketch of the appearance the place makes at fea upon a known rhumb, 
and. at an eftimated diitance; and whatever elfe a judicious feaman fhall 


think proper to infert; then is the plan fit for all nautical purpofes. But 


as itis ufual to embellifh fuch drawings with proper colours, the follow- 
ing obfervations may be ufeful to beginners. 

55 A draughtiman fhould be turnifhed with fome, if not all, of 
thefe particulars, wiz. if. Black-lead pencils: ad. One pair of hair 
pencils, with the quill about the fize of a common pen, and the hairs 
not forter than 2 an inch, nor longer than } inch; another pair or two 


of a fize or two finajler; they fhould all draw to a fine point when wet~ 


ted; and that wet point be drawn through the margin of the flame of a 
candle, to take off the ends of ftraggling hairs, if there gre any: 3d. A 
marble of five or fix inches fquare, and about 4 inch thick, in which are 
four, or fix, or more little roupd cavities, or cells of about 1% inch 
Rs : = pi diameter, 
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diameter, and 3 inch deep, to put liquid colours in when ufing; or, for 
want of a marble, a few horfe-mufcle, or fuch like, fhells: 4th. A cake 
of good Indian ink: 5th. A little paper of carmine, which isa fine red 
colour: 6th. A piece of prepared indigo, which is a blue: 7th. A piece 
of prepared yellow: 8th. A piece of a fap-green: gth. A piece of Spa- 
nifh liquorice, or fome liquid brown, made by a ftrong folution of to- 
bacco in boiling water: 10th. A fmall vial of diftilled verdizrife, which 
is a fine fea-green: 11th. Some gum Arabic diflolved in water. Thefe 
particulars are to be had at colour fhops: where the colours in lumps, 
or liquids, are generally prepared with a fufficient quantity of gum in 
them ; but thofe in powders muft have a pencilful or two of gum water 
put to th.m, when they are ufed. 

The colours in lumps are beft ufed by rubbing one end of the lump 
gently ina cell in the marble (or on a tile) till as much is wore off as is 
judged neccilary for the prefent ufe; and it is beft to rub off frefh colour 
as itis wanted, and not to have too much at a time. If the colour firft 
subbed up is too ftrong, as it generally is (unlefs for ftnifhing touches} 
put one or two pencils full of that colour into another cell, and lighten 
it with one or more pencils full of water; remove fome of this fe- 
eond colour into a third cell, and lighten this with water; and fo to a 
fourth cell; by this four different tints of that colour will be had, which 
will be found quite fufficient in the moft finifhed piece; in moft cafes 
two tints will do. 

In the ufing of liquid colours the pencil fhould be well wetted with the 
colour, and then gently drawn acrofs the edge of the cell, to bring the 
pencil to a point, and free it of fome of the colour; for the pencil fhould 
not be quite full, unlefs it be to covera large {pot of the drawing. 

56. When a perfon, unaccuftomed to the ule of colours, begins to work 
with them, he may acquire by degrees a facility in laying them well on 
paper. Thus, with a black-lead pencil draw two parallel lines at about 
4 inch apart, and with the lighteft of the aforefaid tints (fuppofe of Indian 
ink) let him try to colour the fpace between thefe lines; and repeat the 
trial wich other lines, until he finds he can cover the fpace with an uni- 
form tint, and keep exactly between the lines. Let him ery in like manner 
with all the tints gradually to the deepeft (which is about as black as good 
writing ink) and the moft difficult to ufe; and when he finds he can fuc- 
ceed in all the tints, and his mand is accuftomed to kecp the colour ex- 
actly to a Jine, which he may acquire in a few days, he may proceed thus: 
With a pair of pencils fitted on a ftick, one for coluur, and the other for 
fair water, let him lay a tint clolfe to a fingle line, and foften off the other 
margin with the water-pencil; let him try to do this in feveral examples, 
fome on one fide, and fome on both fides, of the colour, taking of diffe. 
rent tints, unal he finds thet he can fucceed fo, that the colour thal}, 
from the deepcit, gradually become fainter and fainter, until it lofes itfelf 
jn tne whitcnefs of the paper; obferving, 1ff. uot to lay on a tint longer 
than 13 or Z inches, betoie the water-pencil is applied to foften its mar- 
gin, left the colour fhould dry too faft: 2d. not to have the water-pen- 
cil too wet, leit it run into the tint too much: 3d. at each length the 
water-pencil is uted to, let its point be ftroked on the hand, or on a 
waite-papcr, to taxc off the colour it had imbibed in wathing that length; 
etherwiie the nextlength might be ef a different tint. 
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The foregoing obfervations being well attended to, will enable a be- 
ginner to work properly with colours, in plans. But it muft be confefled, 
that half an hour employed in feeing thefe operations performed by an ar- 
tift, will furnifh more knowledge in thefe matters, than can be drawn 
from a multitude of verbal. inftruGions only. 


§7. The young artift knowing how to ufe his colours, and graduate 
their tints, may procced to colour the plans of harbours, and their coafts, 
thus: : 


‘The fhores on the land-fide are to be fhaded with Indian ink; the 
breadth of the tint being within the limits of about 3 and £ of an inch, 
and laid on at three times; uz, ft. A light tint laid clofe to the fhore, 
with the margin on the land-fide foftened off :- 2d. A deeper middle tint, 
Jaid alfo clofe to the fhore, but of a lefs breadth than the former, and the 
infide‘margin alfo faftened off within the firit wafhing: 3d. A fine line 
traced on the faid thore, with a hair pencil charged with the deepeit tint, 
and not foftened on either fice. 


Th fhores on the water-fide are to be fhaded with diftilled verdigrife ; 
the breadth of the tint about 4 inch, and laid on at twice; for the firft 
tint, about half water and halt colour, laid clofe to the fhore, and the wae 
ter-fide margin wafhed; the fecond tint of verdigrife only, narrower than 
the former, Jaid clofe to the fhore, and not wafhed. 


Sands, dry at low water, to be covered pretty thick with fine black 
points (fee figures 12, 16, 18, 20, in Plate LX.) the fand coloured with 
brown, and the borders on the water-fide fhaded with verdigrife wafhed 
or foftened. 

The plans of buildings on the land to be coloured with a light tint 
of carmine, and the limit, on the infide, touched round with a deeper 
But. 

Frefh waters to be expreffed by a cotour of half verdigrife and half fair 
water, fhaded with a light tint of indigo; or with a tint of indigo alone, 
of alight fky-colour, interfperfed with fine ftreaks of white. 


Green colours of various tints may be made with fap-grcen, yellow 


and blue rubbed together, with a pencil-full of verdigrife among them 5 


and with fuch colours woods and grafs lands may be exprefled, when 
properly broken in with trees, bufhes, and little irregular dafhes with In- 
dian ink. -: ’ 

Arable or ploughed land is expreffed by covering the {pot in the draw- 
ing with a kind of broken parallel lines, done by a hair pencil dipt in a 
brown or clay colour, 


Muddy fhores at low-water are fhewn by laying on a middling tint af 
Indian ink, and laying over that a tint of light verdigrile, : 
The drawing and colouring of rocky fhores, fteep banks, hills, marfhy 
ground, and the manner of breaking the ground in plans, &¢, are deit 
gained from examining a coloured plan done by a proper proficient ; but 
where that is wanting, a pretty good tatte may be gained by confulting 
printed plans and views, {uch as are in Lord Anfon’s voyage yound the 
world, 
dea- 
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Sea-draughts taken according to the preceding precepts, and neatly 
drawn gnd coloured, befides the real ufe thcy may be of, cannot fail to 
recommend the young mariner, who furveys and conftructs them, to the 
notice of his fupertors. 


SECTION XL 


To eftimate Diftances. 


Refides the method of finding the diftances of remote odje<ts by trigo- 
nometiical computations, there are two other means.which may be ufe- 
fully applied when the former cannot; and thefe are, the motion of found, 
and the curvature of the earth, : | Es 


53. Of the Meiton of Sound, 


It is a well known obfervation, that the noife or found arifing from 
any blow or fhock, made at a diftance, is always heard fume time after 
the {troke is feen, or known to be given; and hence it is generally con- r 
cluded, that the feeing of any act done within view is inftantaneous, but 
that found travels ata perceptible rate. 
~ Some of the moft eminent philofophers, judging that the knowledge of 
the flisht of found might be of ufe on various occafions, have been at 
extraordinary pains and expence to meafure the rate at which it moved 3 
and the refult of their experiments, particularly of thofe which were beft 
conducted, is as follows. 

if. “Phat the velocity of found is the fame, whether by fea or by | | 
Jand, in dry or in ratny weather, by day or by nicht, in ‘yinter or 
fummer. | ? 

2d. ‘That found, whether more or lefs ftrong, flies with the fame fwift- 
nets. For, by experiments, a cannon fired with a half-pound charge of 
powder was heard at about the diftance of 17 £ miles im the fame time 
after the flath was feen, as it was when fired with a charge of 6 1b, 

3d. That the times in which found is heard are proportional to the 
diitance ; that is, at a double diftance it is heard in twice the times ata 
triple diftance in thrice the time, ¢c, . | 

4th. ‘That found flies quicker or flower by juft the velocity of the 
wind, according as it blows with or againft the motion of the found. 

sth. ‘That found travels at tne rate of about 1142 feet, or 380 yards 
in one fecond of time; fo that | | 
| Sound moves in r fecond, 1142 feet, or 380 yards. 

I minute 22% 40 yards, or about 12 mics. 

Which is about a mil:s in 4,6 feconds, or about a Icague in 14 feconds. 

But fea miles are to land miles nearly as 7 to 6. (V.73-) 

Therefore found runs a fea league in about 12 {econds of time. 

Itis a common obfervation, tnat perfons in good health have about 75 
pulfations, or beats, of the artery at the wrift ina minute. 


59. There-~ 
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59. Therefore in 75 pulfations found flies about 13 land miles, and 
about 114 fea miles; which is about one land mile in fix pulfes, and 
about one fea mile in near feven pulfes, or a league in 20 pulfes. 

And hence the diftance of chjeQs may be found, by knowing the tune 
which found takes to move from thofe objects to an oblerver. 

ExamMPLe. Upon feeing the fla of a gun at fea, I counted 56 beats of 
the pufe at my wrif? before I heard the report: EHyw far was that gun 
from me? | 

Now 56 divided by 20 gives 2,8 leagues, or about cight miles. 


60. To find the Courfe fteered by a Ship feen at a dijlance. 


A fhip lying to (at 0,) may difcover the courfe (ac,) which a veffel 
feen at a diltance is going on; by taking, at two known intervals of ume, 
three bearings (0s, oT, OV) of that veilel; thus: , 


In a line por, drawn at right anglcs to at 
the middle bearing oT, take op, oR, as \" SS 
the given intervals of time, in minutes,  \ ‘ tp A. 
taken from any fcale of equal parts; and os & ———; ae ae 
through Pp, R, draw lines parallel to oT, BT Mis ek 
; : | is Dd en 2 
cutting OS, OV, In Ay Cy 2 * Pan N 
Then a right linc drawnthrough aand wR NE Ze 
C, cutting oT in B, will fhew the pofition, eres ee p 


or the courfe, that veflel was failing. 

For drawing ca parallel to RP, and cutting PA, oB, in a, 4; then 

ab, bc, equal to Fo, ORy are as the times; and fo are the lines ae, Be, 
by fimilar triangles. 

Aldrough by this method the apparent courfe may be determined, and 
alfo the relative diittances at any propofed times; and amonz others, the 
neareft or Jealt diftance; yet the abiolute diftances are not hence to be 
found; and if the obferving fhip fhould chanze its place in the mean 
time, the poition of ac will become uncertain, 


61. Of the Curvature of the Earth, 


Mott perfons know, that if they are raifed avove the furface of the ad 
facent land or witer, they can fee not only diitant objects that lie on that 
furface better, but alfo fee thofe which are more and more remecte, as 
they advance bicher. “Tne irre sulart:y of che farfice of the jand will 
not be febyected to any one rule, thic wel give the ditiance to which, 
objcets may be feen at ditterent elevations; but at fea, where there 
is generally an uniform curvature of the furface of the water, the {phe- 
rical fisufe of the karth being admitted, thole diilunces may be eatly 
computed. , 


62. Let (fce fig. 12. Pi. XLV.) the eye at & be raifed the height zs 
alkove the furrace s of the water, then it will fee an object at fon the 
furface, in the tangeat E/) which is the diilaace of tha obje@ from 
the eye ~ 

- Now 
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Now in the triangle Efc, right angied at f, there are known the 
fide cf=femidiameter of the Earth, and the fide ce equal to the fe- 
‘midiameter Cs increafed by sz the height of the eye: to find the tan- 


gent Ef. 
fecal. | . 
Then (II. 113.) Ef=Y Ce —C* = CS ot 
= /*Co+-5EX SE. 





‘ « 

That is, To the Earth’s diameter add the height of the eye, multiply the 

fum by that height; then the fquare reot of the produ‘ ts the diftance, at 
which an object on the furface of the water can be feen by an eye fa elevated. 


And by this Rule was the table at Article 65 computed, the diameter 
of the Earth being taken at 41798117. feet, according to Sir Maac New- 
ton’s numbers. 

This table may be ufefully applied to eftimate the diftance of an objcét 
at fea, the elevation of that object above its horizon being known. 


Example I. Sailing towards a headland, on which is a lighthoufe, ele- 
vated 600 feet above the furfuce of the water, we faw the lights at night juft 
appearing in the horizon: How far were we at that time difiant from the. 


lighthoufe ? | 


Seek in the table at Article 65 for 600 fect in the column figned 
height in feet, and right againft it, in the column figned diffance in miles, 
ftands 29,994 fo that the diftance may be reckoned about 30 miles. 


Exampete I]. Being walking on a fandy beach, in company with fome 
merchants who were looking out for a veffel which was then expetted, and 
whofe top-gallant maf? was 140 feet above the furface of the water, we ch- 
ferved, with a telefcope, a fhip’s vane juf appearing in the horizon: Hew 
Jar off was that fhip, fuppofing it the veffel expecied ? 


Answer. Againft 140 fect, the height, ftands 14,448; that is, her 
diftance is 143 miles. 


63. Here is no allowance made for the icight of the eye above the 
horizon; but it is obvious, that the higher the eye, the farther it can fee. 
Now as objects are feen in a ftraight line, and that line is a tangent to 
the earth’s furface, therefore it follows, that to find the diffance of two 
elevated objeéts, when the right line joining them touches the furface of the 
Earth, between thofe objets feek the difiance anfwering to each height, and 
the fum is the diftance fought. 


Thus in Example II. fuppofe the eye is raifed fix feet above the water’s 
edge, it can fee an object on the furface 2,999, or three miles off ; this 
diftance being added to the 142 miles, makes the diftance of the fhip to 
be 17% miles, ‘ 


EXAM- 
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EXxamMPLe II]. 4 man being on the main-top-gallant maft of a man of 


war, 200 feet above the water, fees a 100 gun fhip foe had engaged the day 
before, hull to: How far were thofe foips diftant ? . 


A fhip' of roo guns, or a firft rate man of war, is about 60 feet from 
the keel to the rails; from which dedu& about 20 feet for the draught of 
water, leaves 40 feet for the beight of her quarter above water: now a 
fhip is feen 4ull to, when her upper works juft difappear. 





Then zoo feet high give 17,316 miles. 
And againft 40 feet ftand 7744 miles. 
Their fam, which is ; 25,060 miles, 1s their diffance. 


64. It might perhaps hereafter be found ufeful to mariners, could a 
lift of the moft confiderable lighthoufes, and other elevated objects in dif- 
ferent parts of the world, be obtained, together with their heights above 
the water. For as fome of thefe objects are fo high as to be feen at the 
diftance of 30 or 40 miles, and even more; and as their diftances upon 
being firft feen could be known near enough by the table at Art. 65. 
were their heights known; therefore fuch a lift might, on feveral occa- 
fions, not.only give much fatisfaction to a feaman, but even become of 
great ufe to know his diftance from thofe objects, as he could thereby 
know how to increafe or flacken fail in order to fave his tide, or other 
emergency ; alfo he would know better how to lay. down the diftances of 
rocks or fhoals that lie off a coaft, &c. But as fuch a lift is not eafy to 
be come at, unlefs fkilful mariners would be at the trouble of procuring 
fuch as occured to them in their voyages, and_on their return commu- 
nicate them to fome public body; therefore the curious in thofe matters 
muft be centented at prefent with what is here already faid. 
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54489] 10559 /1 593 5]10 598) 1 5,82[105,8116,28) 105,716,574, (05,6/1 7,201 059 5 17,67]105,5)18,121107 
16,434106,7)16.9¢1:166,611753 306, 5|17,84]106,4/18, 291108 | 
109}107,913 5,17 |107,9)1 5904,107,8) 165121]107, 7/165 555107,7]17,05 107,611 7552110795 18,004107,4|18,46}109: 
r 108,91 $931 1108,9'1 5578 108,59] 1 6,26'108, 711657 33108 611 7,2 1108.6 17,681508, 518,17 108.4/18,62 pic! 
1511709,911 5145 1099)! 5193 109811 674 1)109,7,16,89 109,6 173A 109. 17,2.4)109, 5118, 33[10G,4,18,8013 1 
O42 110,9)1 §9§91110,3'16,07 11058 16,56 110,7,37,.041110.6 1795211 10, §|18,0C1F 10, 5168, Sof! 10411859 7/112 
Hr agit 1259-1557 31511,8)16, 20:1 01,3) 16,700 Fa ZT IQVers Ole 7 oS TTS S 18,16)121,5)18,66)63 2,4] 19514 5) 
fe 21259 15,87)112,8'19. 36 11257 16,85!1 12,7)075341112,6'07,% aliriase 13,3211 12,4118,8 311 12,4)/19,3! 1144 
hr2 511359 16,01 1113.3 16, 50°81 3,711 7,00 £13,717, 4Q ETH rrger at 2.6.18,a0]1 13.4!18,96]113,3,1048}z9 Sf 
13459 (6514)514.8'10,65 1 £417)! 7915114571765 114.6 18,55 J 14. 5.15,6 611 1454.39, 3641 14;3'19505 116} 
£15,g 16, 28)816,3 16,79 12557 17,30 1185917 80121 5,618,2. 115.5 18,51 115-4 19,32 115533958" aie 
11817£6,9 16,42/116.3 16,93 £16,7 17,44 116,6)17,95:116,5 23.40 1°65 18,57 E1654 165-6 48163-19 Qe]n 38 
199]817.8 16, §6:117,8 17,09 11757 17,59 617,612,310 11745 18,02 TEZ-6 10913 32764 1G,O5]° 1793/2! 5 194 
135.8 16.70 118,8 57,22 11857 17,74 118.6 18 git 18,5187 trS aac, 1i8.4 ic Bs 18,3 2053) 12¢| 


Dp. Laz. ;Dypitaeck p. baw Dey yt. .]De. Li top. bse Dop Lat. | Dep. Lat. 
| 


oO 
—e a | a aS Ss —e re : ee bad ie ae = 
2 o Min. i 45 Min. ' 30 Min.° t is Mou \ M o. Ped Min eee 15 Mn. bs 
rE EE ERIE TRIO — . ee A ar 
1 #18. Deg. | - - 8t_ Degrees C2 ao pPdeorees 2 





















107106, 
108{106,0]1 5,034 106,911 5, 50]106,8 £ 5,96)106,7 
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a eet 


| > 


TRAVERSE TABLE,. 67. 


he ee a 














ee ert net te ee ee, 


10 Degrees 18 11 Degrees 91g 
15 Mine [ 30 Min. | 45 Min. || o M 
Dep.} Lat. | Dep} Lat. { Dep. |} Lat. 
0,18] 0,94] 0,181 0,98] 0,39]| 0,98 
1304 1597) O34} 1597) O137|| 1596 
O53} 2,95) O55] 2295) Or55]/ 2195 
O71] 3593] 973) 3293) Or75]| 3993 
0,89] 4192} O91] 4191) 0593 Hee 
1,97) 5,90] 1,09) 5:90) ¥5321) §> 
1,25] 6,83] 1,23] 6,88) 3531]| 6587 
343 7987 8,46} 7,86) 3,49|| 7935 
1 Bc) 1,64) 8,84) 1,68)| 8,84). 

1.75} 9,83! 3.52} 9,33! 1,87 9,82! 
1,96]40,82} 2,01]10,85 2yOS|[10, S01 
Zy14}r1,80| 3,1¢ 11479) 2,24 11575: 2134101576) 2yFOUIT,75 é 
2531412,78} 2537}03977, 2543]/12976 | 254122,74| 2969]2073| 23,6515 3 
29491339771 2955183975 2,631/13974 2167/13973 257 315 3972| 29791! 3972 2585134 
267114575} 2573|14974| 2,80]/14973) 2586) £4572] 2,93114,70, 299}14969] 3,00]15 
2585 597 34 29G2515,72 2,98 1$971) 3,051.1 §,69 39%2(1 5,68 3339 15,67 3530416 
3,03116,72| 3s1¢(16,7c| 3,17]|16,69| 3,24! 16,67! 3,32126,66| 3639 16,64 | 
392011 7,70) 3,29117,68! 3,36}137267| 3543 Won 395111764) 395911762 
393341869) 3.461867! 3,541/28,65| 3463118,64) 3,74118,62} 379] 18,60 | 
3256119567) 3265419,65) _3973//!9263 3182|19,62 3990}19,60]_3,99]!958] 4,07)20]. 
3976 20,65 398 20,63! 3992 20,62 4:01!'20,60} 4,1 20558 4:19 20,66 428)21| 
3292121,63] 4,07J21,61! 4,10)/23560) 4520121, 58) gagian, g6t. 4539/2854) 4749]}22 
4:0gf22,61| 4,t9)22,60| 4,29)|22,52 4939/2295 4549) pest 4159]23,52) 4568123 


aueyig 


, 


15 Min. | 30 Min. §.45 Min. 

Dep. | Lat. | Dep. } Lat. 
O20] 0,98] 0,20] 0,98 
O39] 1,96] 0,408 1,96 
0,59] 2994| 0,007 2594 
0,74 eee 0,50}. 3992 
0,9¢ 4°33 1yOO] 4,90 
Ist 3920] 5:87 
153 »86 1940 6,35 
1,56} 7,84) 1,604 7,33 
1,76 8,82 1,79} 8,83 
3,95] 9,80] 1,991 9579 
2915120,73)] 2,1Q]10277] 2,2qiCt 









































4:27429,6° | 452712358] 443112356) 4,58123.5¢4 40682 3,52! 4573123950] 48qi24} 
445124, 58] 4556124, 56| 4,66 |24554] 4977//24552 4.88 4150! 4,98 24:43 $2992 5 
463125,561 4574125,54) 4585'125,52) 41961125150, 5,07 5-48) §218]3 5446) 5130126 
4:81126,5<! 4,92126,53] §,04/1265 50] 55151126548! 5,27226,46) 5538120543] 5.50127 
5) 4999127453] 5910127451 §522:|27249) 5934) 27946) 5.4612 7544] 5558127042) 527028: 
5216128, 52] 5,298,409} 5441, (28,47 $95 311285 seek 8,421 §,78[28, 39) §91}29} 
5934929150] _5247129247| 5160; 29545| §17212942| §,85h9,40| 5198 29537) 6511130 
555 30,48 5265130,461 §,78]|30243 51921 30543] 6 6,05}30,38) 6,1813035) 5931131} 
569131146] $,83131,44) §,97//3%2421| 611731439} 6,24131,36| 6,38134533| 6,52 a 
6,16 32139 6,3¢: 33:37 
3393 8! 6429! 33935 6,63133,32| 6,78133229] 6,92134 


5987132145] 6 6.44132,34| 6,58132531} 6.72133 

6.0513 3943} 6 

6,23134,41} 6 34,36) 6 al 34933} 6133134530, 6,98/34527| 7113135 

31 243135 40} 6 35934 657'35533| 7,023 5,28] 7,18]35s25| 7233136 

658136, 38 39,32] 7100) 36,20) 7,22136,267 7,58|3623] 7953137, 
37932} 7935) 5792 71 TQ ti37s24l 7255137220} 7974138: 
33523) 7544°38,25] 7561138,22] 7,78/33.18} 7,94139, 




















6,74137,36 
6.94138, 35 


; i ERS 39933 39927 1034390317 780 39.20 20 7:98 39,16 8,1 407 
753440, 31 40,25) 7,821'40,2331 8 sof torr8) 3 3,37140,14) 353 shar} 


41,16: 8,37141,13/ 3,5 5142. 
sol 2,14] 8,57 ae 876433) 


41,23} 8,01/41,19f 8 
42521! 8,20),42517 


79471419, 30 
7,6 928 







7983143126 43919 3,40/43,16) 8,53143,22! 8,77143,08| 8, 96144: 
8,01144125 117| 8559) 44515 ae 14910; 8,97144,06] 9, 10145 
8, 19145523 45010) 8575' 45512) 8,97 pe 917 ae 9237146 
8,36146,21 46,14) 8,97:46,1C] 9,17146,06| 9,37/46,03] 9557147 
8, 5414792C ze aa ieae 99161.47,08) 953714 9757 }47200] 97% : 
8,72148,18] 8 8,14] Of 4{]4 5,10 913:<148,06 995 Higins 9977147997 9195 





8,90:49,16, 49012| 993 31|49205* 915$4).40-C4!_9+76149,00! 9197]48195/10,38 50 


“9,08 5935) 92 $083 9.5! 1§O, 106) 9»7 3! §2,02| 9,9 49998, 10517149193 10,3915, 
992 515 8 9T3) 9n4O15 1,00) Qy7ONSI:05 9,92),51,00 10,51 50,96, 10537 ee 10,59 52; 
943,521; 9,66152,07, 9,89 52s03/10,11| §£,98:10,3 §1594110, 67 §1,39]10,7 53) 
9161153,10: 9,34]53,05} 10,071 $3101 1013015219 FO, $$152592/10577|52997/1 £00154) 
9>79454108|10,02454,04! 10,26/153199 Pet 53+94{10,7 315 3:9¢/10197/5385]11,20)5 ¢ 
9997 $5,06'10,27 5§102}10545:15459 710; (54093 109 3/54088 111517 54983 11,4 
H 984} 9.901/56,09|10,14156,05 10, 39}56,00/ 10, 63 5$195 10,8% 55> Qijr1,12 sje 986} 1 1537 5598 I]11,65 
38 §7)2%2|10,07]115 7,67 | 10,32 57103 10,57}56,98 10,82, 5 94 11,07 56, 8g 11532156, 94/11556156,79/11,83 
s 58, 10/10,25 158106} 10; 5<1§8,01/1057 5157597 11,04) §7192)81,26!157,87:11551 $7583,1 1975|57+76)12,0 








Aur 


Un a 
3 0Q~) 


















6045G,09]10,42/'59504] $065 53,99] 10,9 315349 5 11519 §8,90)7 94511585 8q18,75159. 38.80)1 1,96]53574{12,22}6c] 
Ci Dep. ‘Lat. Dep. ‘Lat Dep. Lat. Lat. || Dep. Der hac De | at. Lat. Dep. | bat. Dep. Lat. | 
; o Min. {| 45 Min jo Min. | 15 Min. jj o Min. | 45 Min. | 30 Min, [15 Min. = | 
"180 Deg. 9 Degrees 5s “8 Degr Degrees + hy nf .- 





ee ee me 





~~ 


. 


1158 3160,81|12,09'60,7 
6 3162,04/10,94'6 1 ,90]11,21161,94]11,48/61,8 11575,61,84 tare 12592916157 
30 3/11,41J62,93/1 2, 39162593) 1 1,06162,83)11,94162,8 11252 1162577/t2,49 62,72}(247 
6 516450113529 163,961 1 5796 3,91}! 1,8516 3,86 12,12163,8 1)! 2,40/63,7 5112,63/63,7 
66 65,601 1,46164,9 5] 17496 4,89112,03164,84/12,31 64.7911 2550/5457 312,88,64,68 13,! 
67165,98 1156416 5.9 3/1 1,92{6 5,88) 1252 116 5,821 2550165477) 12,79 5571/1 3107)05.66/1 35346 
63,66,97)1 1,8 1466.9 1/14, 10]66,36/12, 39166, 8 1112, 68366,7 ¢/12,98'06,69 1332 7)66,64 1355 
799 5{21,98 579° 1252316 7,84] 1 255716 7,79112,87367)7 311391707567 13446) 
7068 94/12, 16168 .38) 12,46168,84] 1 2,76168,77'13,06/68,7111 3,36168,66)1 3.66168, Sol! 3.96168 
7 1169,92/125 33169587) 12,6 3169,8 5112594169575]! 312416957011 3955199 60|3 3.851599 57 9+51|14546 
72170591 rep 0,8 5/3258 1170,7G] | 3512170, 74! £354 3170, O811 3574470, 62] 14,0 5170 5 5/145 36170, 491 4,66 
73{7 #98912, 8471,84 12, 99971573] 1 33017 1,72|1 356117 1,66)! 3,9 3/71, 60914524 3 154 7|14,87 
74172,88}12,8 5172,82| 1 3,171725761 1 3549]72,70113,80[ 72,64) 14512172558] 14544 
75|7 32862 350217 3.8011 353 517 3974] 130717 3,68) 1 359947 36 2/143 1 17 39 56)1456 31734911419 57 3. 
7517458 511 3,201 74179} 13, 521741731 £358 5174,67|249 1817460114, 501745 54114,8 3174 54.7]! S91 5 14at) 548 
7117 $0853] 8 393797 597 71% 39717 597 1 F450 317 $65]1 4536175359] 1426917 5952|1 550217 544.5]! 693 517 593911 908 
73 6,82 13, 54]7557 62 3,88(76,60114,22176,69114, 5517655 7114,83 6,5c 52217654315 $55 51703711 5908 
7917 72S} $5727 757411 4 ,06}7 7568] 14540177 561114474177 55 511 520717794 5]! 594717794 IT’ 557 517793511 6.09 
8 ,7Q\t 389178, 721 1.4,2.4173,66) 14,58178,60114,92173,53]) 5927178 4611 5,6 1178-39]! 5-9 5178-32|1 6,29 
| 83179577 14,07179+7 1/344: 9,64)14,76 958) 5511179551 ' $14.6179944 1 5801799 37)! 651 5]79- 30]! 0, 50 
8a}8o, 7611 4,24 180,69 114, 59 80,6 5141 4594180, 56] 1 5, 30180,49 1516 5130.43 16,0880, 35 LEE ea be 
8 8 557411441 81,68 B 1,631 551 3183, 5411 5248 81445)1 5,84 81.41 16,19)81,33 16, §5/81,26'16,90 
8418257 3/14, 59}82,661 14,9 5182559) 1 53 1182, 5311 $967 [5214611 6, 31825 39]16, 39/3253 112657 8a,2ql17511 
8 sie 397211457618 3,641 7 5,1 318 3558) 15,4018 3,51 15586 83,44 16522483. 37 16, 58/83 ,29]1 6,9 5133,22:17533 
8618457 111419318456 311 5, 30184, 5611 5,67)84,49|16;04/84 .42/16,4 1184, 35]16,78]84,27)'7, 1 5)84.20]1 7551 
871857011 541 148556111 5 44818 $5541 1 548518 5447) 1652318 5.40) 6,60185,3 411659 7185.2 §)) 753 5185: 181 7572 
88/86, 63)1 5,28)86,6o11 5,66186,5 3116,04/86,46|16,4 186, 38 sae ag 17y17186, 2 3]1 755 5186, 16117,92 
| 89/8 7,67}1 5,46]87, 5811 6, 84187, 5 1 16,22137,44116, 60187, 39116,98187 529] 17, 3618752 11 7974187 9141 8,32 


Dep | 
997 |10, §9}60,03) 10,8 5'¢9,98)1 2,1 2159,9 3|1 153855918311 13641 59,83]21,90'S9,7 
62,63 ,06}10,77}61,03]5 1,03160,96)1 ¥;30160,9 1 wee 
: 


9018 8,6 511 5,62)88, 561 16,02188,4) 16,40188,42|16. 79138, 3 5117,17188,27/17,5¢[88519 38, 12/18, 33 


91189502}15,80)89,55116, 10/8 
92190, 60)8 598190, 53/16, 37 
9319 155 9)16,1 519 1, 52/16, 5 5191,4.4116,9 5191537 17935}9 15291757 519 Ta2t 8,14lot, 13118) 5 
94192, 57/16, 3 21925 50116,7 x1 935]97:52492527117904.G251 }g2,11/18,74192,03]195 14 
95193» $9|16, $0193 .48)16,91193,4.1157,37 93933)! 797249 392.6)1 8,1 2193512 
’ 9bi94, £4/16,67194,47117,08194,30 1795¢ 94: 3211791194524] 18,32 194, 1611 8,7 319410711953 4193.99] ' 9555 
9719525311658 519554511 7,2619 5,33] 17,0819 5, 3011 3,099 5,22 18,5119 5914 18,9719 5305|/19134194597119975 
' 98196, § 1/1 7502196,4.4117,44196,36|17,86196,28]18,28196,2¢ |18,70'96,12)/19,12 
99197 9S! 7519197 42/1 7,62197, 34] 18,0419 7,26)1854.71975 18] 18,8949 7, 10}19,3 115 
10019848 17937 93340117, 79193,3 3] 18,22198,25)18,65198, 1 6/19,c8'98,08119,5 110 


101199947] 179541995391! 7597199131) 1 894.1199, 2 3118, 8419951 5] 19,27499:081957 | 
1021100,4 8,1 51100, 3118, 591100,2|19,03] 100, 1|19,461100;0}1:9,90199,9 5/20, 34199,86|20,77] 102 : 
10907 ,413 7,80] 207, 18,33 101,311 8,771101,2/19,211101,1119,654101,C]20,09]! 00, 9/20, 100,8/20,981103 
104]102,4) 18,06] 102, 3118, 51] 102, 3 18,9 5]102,2/19,4C}102, 1/19,841102,;0 O,2G]101 4912057 3 103,812 151 81104 
3105]103,41 1852 31103, 3) (8,681103,2/19,141103,21195 59] 1©3,0120,04 510 3,0|20,4 9! 02,9120, 9 3]102,8121,381505 
106|1 O45 3113541] 104, 3]18,861104,2] 19,321 104, 1119577 }1 04 9612052 3410450120,68]103,0 21,1 31103, 812 1,59]106 
107|£05, 3118, 58] 105, 3/1904] 105,219, 501105, 1[19,96] 105,C120,424104,9)20,881104,8'21 » 3 31104 8/2 1,79]107 
108/106, 31185751106, 3] 19,221906,2) 19,681106, 1120, 14] 106,0120,614105,9121,07 105,8.2195 105,7[21,99|108 | 
LOQ]107.3)18)939 107,319,408 07521 19,861107, 11-0, 3 3]107,0120, 80} 106,9/2 1,2.71106,8 21,73]106,7/22,20]109 
1 1108,3]19,10}108,2'19, 5-79 108,2120,061108, 1120) 521108,0 2.1 0C| 107 59/2. 1,461107,8 2159311075 7122,4O]1 10 
11111095 316.9,234 109,211.97] 10g51 20,23] 109, 1120,70]108,9 ae fae |e 108,8 22,13 108,7,22,60)111 
W121 [Oy 3]1954.59% 30,2 '19, 9311 10,1/20,4.513 10,0120,8 10959 eee 21985) 10957 22533 1096 2,8ilr12 
jt3 13153 19562! T3152 20, 1111 Ty! 20, $Q]1 13 ,Oj21,0 130,G/2 156 1108 22,0511 10,7 22,53 110,6 R901] 13 
WEIHITI 2,3 39,80}112,2.20,24 112,1120,7811 £2,0/21,26}11 559 Z1j7SHCLT, Bln2, 24h 2197 22,7311 5,612 39321124 
11 393)199979 11352 20,4611 3 351/90,9 611 3,010 894 SIF 29Cl2 7, Q4 LIZ, Bia 2Qall 1 2y7 22,9 311 12,012 39421015 
1145220, T411 3451 20,6411 34,1[28, 1411 24,012 164111 3,8/2251 311 53,8/22,6310 3,723, 1311 3 3,623,621 16: 
be el ac he 91,20,8211 6,012 1,4211 84,912 158211 14,8 443541 1457 258 114562353311 1425 239831117 
116,2120,49 (11 FAT ,O0U 16,0121, SORE §,9/22, O11 6 1 $1225 241 1 5,712 3,0241 15,623, 5 3181 595. 24,03]1 18 
11753,20,674117,123,18 114,012) ,69]2 16,922,201 16,8)22,7 191 16,712 3,321 16,623.72 280,5 245230 IY 
118,220,84)13851'a1,39)1 58,012 1,87|1 1759/2 2138[11 7,312 2,90]817,712 3141 117,623,92|11750 24.44 


Dep. Lat. 1 Deo. | Lat. [Dep. | Lar. | Dep.| Lat. | Dep.! Lat. ] Dep.| Late] Dez Lee. | Dep. Lai. 
45 Min | go Min. | 15 Min. | 0 Min. (45 Mine [go Monts Ma 
| 79 Degrees 551 78 Degrees 
a ern a 
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98 TRAVERSE. TABLE, 67. 



































































999714 5»89}10, 17145841 10, 37 





4 §980}10, 571.4557 5|2097 









$970} 10,9744.5965}31,1 


. 12 Degrees 2s 13 Degrees. 5229 
5[_ 0 | 15 Min. | 30 Min. | 45 Min. {| o Min. ff 15 Min. | 30 Min. 45 Min. e 
°| Lat. - | Dep.] Lat. | Dep.f Lat. { Dep. |] Lat. | Dep. f Lat. | Dep.] Lat. [Pere Lat. | Dep. 8 
1] 0:98) 0,21} 0,98} 0,22] 0,98| 0,321 0,98] 0,21]| 0,97] 05231 0,97] 0,231 0,97! 0,23) 0,97] Opa] 1 
1,96 0,424 1995) 043 Or441) 1995] 451 1995) 949] 1595] 471 1,94) 0,48) 2 
2393 0,64] 2,93) 0,6 0,66}} 2,92] 0,68 10 0,69} 2,92 0,7Q) 2391] o,7m g' 
339! 0,85) 3,93| 0,87 0,88)| 3,90} ©0290] 3,89) 927 3,89, 0,93) 3,89) 9g 4: 
4,89 1,06 4) § 1,08 1,0 4,87 1,33 4987 I,1g 4,86 3,5! 4,86 Ay! - 5! 
5,87 1,27] §,86! 1,30 %532|] 5535b 1935] 5934] 15398-5s83] 1401 5,83 143 6 
7 6,85 1,49 6,83) 155 1555|| 6,82 t168 6,81) 1,60f 6,81) 1,63] 6,80) 1,64 7 
1 7933 70] 7,81) 1993 1,77|| 7580] 1,80) 7,79) 1,838 7,78] 3,371 7,771 1,901 8 
8,80 1,91} 8,79) 149 1399|| 8,77] 2103] 3,76; 2,061 8,75) 2,10] 8,74] 2,141 9 
10] 9578 3s124 Q,79; 216 221)! 9174) 2925) 9073) 2:29] 9272 35349 9271] 2,3810 
t 1110,76 2) $3420,74) 2538]10,73] 2543](10,72] 2547/110,71] 2,52480,70) 2957110,69] 2,62]85 
12433574 2o § 9X2972| %960111,70) 2,65]{11,69} 2570]1 2,68) 2,76111,67) 2,8013 1,66} 2,8.chr2 
13]12,72 2,76 pe 8,8 1]12,68) 2,87]/12,67] 2,92112,65| 2,99912,64) 3,03412,63! 3,09)23 
14{t 3570 2197]! 3,67) $103]13,66 3,09/11 3,64] 3,251113,63} 3,91[13,61) 3,27]13,60 3.33114 
5]14967 31811465] 3125114563) 35331/14,62| 3937}:1460) 3,44114559| 3550]! 4957 39§7]15 
1611 5,65 314011 5,62) 3246115,63) 35531115359] 3250H1 5557 §956 397413 59$4) §,80126 
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14581031391 141157280139,49'57,69:39165]57» 52] 35190) 571 34140s 1 $1'5711 0 40-40156,99-40,65:50,81' 4 Rg} oc 


73 58,8 3997 |53109/39,90158, 51 O21 5853 49,47 53, 16/4057: 57198 40598 5798014 15% 3°57 ,62,41548 71 
72159169/40526' 5935 1140, 5 2159, 34140,78159, 1014.1,04'58,93 1,30} 58,8041) 5515 8,02 198 1/55543'42,07] 92 
73160, 52)40,32|!60,3 141508 60, 1614.1,35159,98141 61 |<928C 1987|'59261 42,1 3159543)! »39|- 9525/4265 73 
7416 1535.40533)61517141,65 60,93/41,9 1160, 80142,18 60,6214254 5| 00.43 4°57! pie edd ear are 74 
75{62,1314.1,94)62.00 42,21 61,81 142,48|61,63142,76161, 3,02 61525 45.2916 1,06 4355 560,8 7145,82 75 
7916301425 5C162,80'4.2,77 62,6 3'43,0416244514 3532 [6 »52 5143159102107 43130191587 4491 316156) 44140) 76 
7? 63,84143,06163.65.43,34 63,4014 3,6 116352714 3,39 /63,0744917/ 02,38 44,44 62,69 4472162,45'44,99 77 
78)64 6614396104243 43.90 64,28144, 2B) 450944446 |63585,44.74) ©3970 4 810216 3550/4 5930163, 3145457] 7S 
7916 5 04-914491 7) 95930.44546 65510144, 74124591 45,03 6457114593 2| Ob 5245 §:1045314 5% 3164; 12.46,15) 29 
80166. 32/447 3,66) 1 345,02 6559 314 553 O50” 3'4 5.60165, 52145259} 05133 4051 740 5915 4 O14104.93'46574) Bo 
81 57515 455851/06195'45, 59 66,75 51 88}06, 54:46, 1; 166, 3 5146,4.0/ 00,15 46, 74 555454:4730 65574147532 

57 19814558 51:67,78 46,15 67, 58146, 44167, 38146,74 1679174710319 1954753 21005764 702406, 5 5147,91 
83}68,81146,4 1) 63,6 1'46,71 68,40147,01163)20/47, 31 67,9947,6(07478 4709 65 7hb2 67,36148,49 
84169,64'46,97 9143'47,28 69,2 3147, 53|69,09147,83 [68,81 48,18} 03,60 48,4 7)08,39:43,73/68, 1 7149,08 
85 7254714795 3)}7%26 47,84'70. 05 8, 14169,84'438,45 |6y,63148,76 reasagreshoet angel, 5 















































G17 1 30 48,0917 1309 48,40,70,87 8,71 70,66'49,02 7214.5 49333 170,2 349,63 70,01 
37 72,1 3148,65 179992 48,96:71,7¢ 992717 15949'49,59 71526149,9C 71405'50,20 7053 3:50) 52170,61 50,83 
72552149584 72531;50,16 72,68150,4% "7158715078 785945 1)10173,42/51,41 
733515041173 +13 5057317229015 150 £72368, 51, 36172,46/51,6%]72, 23152, 
§ 162317 39501519947 3927 > 21247 3.04] 52558 
52,2¢ 1453 1152952 7, 908|5298647 4535153917 
5297 7|,7 5983 539151741:90:5 314217 4,67) 5 3575 
5 3934417 529 5:5 399717 597 1 5499 17 5448154434 





88172 495'4992.3|:72974.49553 
$917 3+78'49977){7 357'50,09 
9174161|50,3 3 174939 5016 5'7451715099847 399 5'51530|7 3972 
91175144 505891'7 5922 5152117 5500515 541745771515871749 54 
92\76,27 53544) 7605 5197817 518215251 317515915 294.417 5936 
93177220 $200, 75,8752, 44 70; 64)52,67176,4.1)53,01470,18 
941779931529 56|:7 7975.2, 01774715 352.4177 92.415 325817790015 299417 977 5402 517615 3541591765251 54592 
9517876 §3.12:'78553 53,4 7178, 2915 §,33]7 3,06] 545 05177982'54s4917 7953, 5408317 793415 594 7177216155. 50 
| 96179,59.53,68 '79935'54,0 179,12 541371735331 54,72178,64:5 5,07 73,40, 5504: 7891515 597 517719 1156,09 
| 97 30542 54124190513 54, 50!79,64 54 947997 5502917924615 5204, 79922 55198 8,97 56,3 3}78,72!56,67 
| 98h 1925, 54,80} 8101 55516 80576 '5 55 5¢[80, 501 5 58680928) 54,21])2O03 $6, 561795731569 179, 5 3157.26 

99 82507155536: 81584 55,72! 1, 55 5950713153 5| 56,4348 1910/54579 80,6 5 57914 80,60157,44 304 35)3798 90 
{100182 90'§ $192) $2,69156, 2 8132441166,64 32,16/57-c03 1691 5793U 3.56 5727148394. (58,07/8 1,16 58543} cc 
10118 357 3156,48! 53949, 56,8483,22 57,2 1]82,99) 57, 57,8247 3157993] 92248 §8,29)8252 315 8,6 918 1 ,97159,01 104 
102184, 5615750319493 '\57,41'S4 06/5 7, 77133,81158, 14°33, 5/5 3245] 93230 58287 B 3304159523 82,73/5 9159102 
10318 5,39.57,59!'8 5914157,97,84,83/53,34134,63] 58371, 84,3 7/59:09] S41 1139045 8398 15918 1133, s9|fo, 18! 10% 
104{8 6,22/58, 14.8 5197 5355313597 11589 1135145159, 28685, 1915963] 94993 0002)84,67160,3918454 60.76} 104 
1O5f 7.05'58,7¢!.36579! 59 09/3655 1$9-47]86527159,85:°86,01 Co,21 85575 60,6013 5,48160,9718 552216153 5lroc 
1106 37,88 59,26) 87162! 59,66/8 7, 3% 0,04/87,16130,42 86,8319. 78|55)57 61,18:86,3c 61, 56/86,03'61,4 31:66 


107158, 73/59,82)33145/00,2: 88,18159,60/87,92/60,99 £7,65/61,36 37533 61,7 5)8 7,11 162514186,84) 02, 51 105 
108129, 56,60, 338) 59:27:60, 7S189,09161,17133574 61,50; 3,471 993] 2%20 62,3 5]87,92/02,72 874656351 108 
109190, 38 60,9419 1916 1, 3 5)%9,3 316174189, 56162, 1 3.:89,29162,50) 9¢y 2 62,91183,74/63,30188.4°.63,68/109 
|! 1019 119161, 5 1 929216 1,9 1|90,6 5162, 304902 38/62,7 2°90, 11/93, Cutr 5933 034.9189, 5 516 3,83)89,27/64,2 71 t 1c 
r pes 62,4719 t-4cho2,87]9 152¢/53,27,90,9 316 3507 ep 94,4.6190,08/04,3 dr 17 
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112192,8 516263! 9253816 3,03192, 321 33,44192,0:|03,84191, 74164124] 9 142 64s6419 +5186 5,04190,9¢ 6 5.44 t12 
11319 3568163, 19) 93941163, 6019351 3) 240019258 516445192, 5: 164492] 92,28)6 552219 1,90] ¢,6219 1,7 1/60,02); 5 4 
4551163,75! 94923164, 1619 34951045 5°19 3,6; 64,93 193,38 65535] 93910 6§ 79192,8 1/5Q,2c192,52:66,6c); 14 
11519 $1 34:64531/ 95200) 54,72194,7716551 5194.45) 95155 1942€1 5.95] 9399 ¥ 06s 3 7]4 3962165,7819 3,3 3167, 16111 5 
116196, 1 716.4.,86) 5 5985) 55,2919 5.6016 =571195,3 166, 1219 5402/66, 54) 9497 3.6619 5194.44 167536194.1416757 71716: 
117196,99°6 554. 1998711 55,8 5196, 2|06,2 8196, 1 4/66,69'95,84:67513| 95+55 67-5319 5,25F7,94194 96/63, 36111 >! 
£ 819758 3)5598/.97954) 56,4 114752 5166, 8.4196,9¢157,26 196,66! 17,64] 94937 68,1649 9,c 61 98,5216 5,7 168,941 35! 
36,97198,07167,43] 97.78 67583197,4°;5%,26 47,18 68,68 
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30 Degrees 97 3: .37 Degrees 975 
Pa Sie | 15 Mine § 50 Min. 45 Min. {_o Min. 15 Min. | 30 Min. | 45.Min. 
leat, | Dep} bats Dep. | Lat. | Dep.| Late | Dep | Lac. (Dep | Lat. |Dep | Lae. )Dep- | Lat. [Dep-| 
0,81 oa 0,81| 0,5 0,81{ 0,60: 0,80! 0,00 0,80] 0,60 0379| 0,611 0,79 o,61 
1,62) 1,18: 1,61 3500; 1520) 1,60} 1,20}, 1,59] 1,21] 1559) 1,22] 1,58 
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4:°5| 39531 4954 
7] §,0U' 4X3] 5:6, 
6 4 | 4179) O45 
720 
|| 8,06 
| 3,87 
05! 9-68 
i 10,48 
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512,13) 8,82! 
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1713575! 9g, £3971[10,00 
13:14, 59/19, 5S! 14511 10,6. 
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11,76 10,1 311,83 
12544. 16593) b2yb- 
22417,38¢ 1259 5 T7e74if 3,0! 
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Cena C9035 b4i1g ) 
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ol *1984)15,87, 21977 15.96 21565) 16,006 21563!16,1 52195710525 2.149116, 34 21542:16,4 412.3535 
5116.4 22,56 10,35 22,50,16,0 
91239461 7,05; 2353 
}24927)£7-63 24019 
(31/2 5,00 -18,22; 25,00! 18) 33 24592)13,44 24584118955. 24176118,00 
|32 2.5,.80'18,8 5/2 5,80) 18,92]}2 5,72/19,03 2 5464/19 515 
33]26,70 19,4c'26,61! | 
34{2 7551119199 27242120, 1Cl27, 33 20522 of (oa oe Pa 
20557} 28)22| 20,6] 28, 14. 20,32/28,04! 2 
2.15 16),29,03/22)28128,94,2194.1]28, 84:21, 54. 23,75/21,67428,66 
21,75/129,83!21,88 
22534130104; 22547130, 5 5/22,0C | 
3354512310613 1,3 52392013 152.5:2353 373 0915123047 
3226/2 3,65132,1 5|23+79 3210523103, Ses aes 
33206) 24,2 
3395;24,3613 398712453 3 
1431 34979|2 594° [34268 25942134957)? 5959 34945|2 5973 :34934/25988 345232 
(4 3 §160:26,06)3 5:48 
‘ 929 
2724/3 7109/2 7,20] 36,98 127, 36]36,86 
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3729212797 9]37978127290]3 7966 
28,42133,7 1/28, 33} 38, 59/2855 5 
290Ci139s$1/28597139939/2991 5 
295 §9);40s 32/2957 : 
41,26'30,134.1,1 3] 30,16 $1,09130134 40,36 30>§ 4190973 391641140, 60/30,87140,46'3 1,0 -[405 33.34 2-151 
3214210713057 7114 159 3] 3097 5141530 
5314258713 153 571425741315 39[4 2S 3195 3142047 
| 54143968) 31594114355 513.199 3) £394 8] 320 T 2143927 
5 S}44+49)3 295 3h 5 
59 FCl33ar 114510233533 
57146, 11/3 3,60:4 5596/3 3.7014. 5,823 3,9 1451671545111 45152134230 
3944592 / 34423) 4657 7] 34,20446, 62, 245 50149547! 34570 4003113499! 
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4540/1579) 240 1,8¢] 2,39] 1,82] 2,33/ 1,831 a,37 
3:20, 2539!" 3920/ 2411 3918! 2,421 3517] 2543] 3,16 
4991) 2199) 3999) 3:91) 3593! 3,031 32971 3,041 3,95 
431) 3,54 4979) 3961) 4178 363 4275) 3,65) 4,7 
5903) 4914! $959: 4021) 5457] 4524) 5955) 45201 5453 
6341) 4979) 639; 45811 6,37] 4,84] 6,35) 4587] 6,33 
7923, 5935f 722! 5959 7o1Q! Seg 7,10) 5545] Tot 5948] 7,12 
8,04! 5495 8101) §.98) 7599; 6,02) 7,96] 6.05} 7,93] 6,09] 7,93 
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; 9261 7913, 9558) 7522) 9,55) 7524 9,521 7930 9549 
10,45| 7,73 tort] 7978 10533} 7582] 10,35] 7,87|10,31| 7:91|10,23) 7596163 
fib] 8533411521, By 57: 11,18) 8:43,11,14, 3,47)11, 01) 8,52]42,07] 8,571144- 
37412503) 8,9 3]/12,01 8,g0'11,93 | 9,03,11594, 9,08|11,90] 9,1 3]11,86) 9,23115) 
12,30; 9,52412,82 9150112577, 963412174, 9568]12,69) 997412,65) 9579]/s0i4- 
1 3107}105 6 f¥3,62!10) 1617 3,57 10,23]113,53/10,29 13,48/10,35[£3 BT 
14,47)10571 14142] £0,79114,37 10,85 14533)10;89 agi2e 10198 14)23/11)c> 18 
1 5927/1153 1522/0153 0i1 5917/2 irq ‘US yE2/11) 50 55071 1457/4 5:02) 163119, 
16,0d'1 1490 16,02 £1y9¢)1597)12,04115,92'12,11 1587112517 15,8 1/12,24]20.; 


16.83:12,.49]1 6,83 12,56)|:6,77)12,64 56,72 13257 1]16,66:12,78116, 6013 2.8612 1' 
17,68,1 3,01 1763/1 3910117957 1392 1745118 3435]1 754511 393918754011 347 22)F 
13,49:13,08 18,4311 3970118937 13,8 13,31113,92 18,25114,00 18,19 14,08 3. 

1g,29114,28 1923.14, 3619917 










































141441195 10}14, 53/190 pe — ee 24, 
9%2119577)1 53 a2 


153312056]! 5492/26, 





' 16,53 27. 
22 y.3)16y7 51 22,20110,8 5 22,29/16,9 5|22921'37,05/22,24/37,14128 
1791492 3,311 7925123933 17135123116, 17545 23508117, 5 5/2 4,0C117,96)22 9311757 Si2g 
17574 24,12117,8 24,04 £799 523196 18,05 23,88|18, 16 23,79118,2€|23,72/18,37/30 


24,63]18, 76124, 59) 58)37|24,53/16,98132 
1952012.6,4.7119,37]25939|1948]2 5230119» 59132 
19,86126,27 19,9 7|20,13)20,09}2 6,09/2052013 3 fF 
20,461!2 7,06120, 58126, 97/20, 7126,88/20,8 1134 F 
2059412799 5/21 ,06 2786/21, 18 2757-7/21y3127,68|2 554.313 5. 
21979 28, 56'23,92(23,4.712%,04136 
2) 74122701129 6412251412995 5/22127112.9,451225 3012953 5/2295 31292 20/2250 5137: 
304 5122573130035 22,37 392512 300} 30s 14123 24430,0 5/2 3,20 33 
13 15052 3y60130r94)2 397 513018412 3587139 
31,84/24,2 113157 3/2a9 3 513106 3124,49140 
32596)24239]32085\2f 5313297124907) 32,64|24,82]32553 24996132 .42125, 10141 
33»76)2459% 3396525513 [33> 54/2 5,233 3,43 2 5043 3393212555713 302512507 Hg: 
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103134002 26,18 34,00'26, 32 $3. 


26,0213 553712051743 592 5;20, 32 35944 20,41 5 6,0212696 313499 1/26570134979 26, 94144 
2.6,61]36, 1 7|26,77]36,05|26,92, 3599412720313 5,82l27,24135,7¢127339 359532795 Sis 
esa at 27,68 '36,62127,8¢ 36,4g,28,0c 36,37:28,1 614.6 

128512379542 85291 37,4 1128,45137,2812896 127,16 28,7741 4- 
38146128,72 3853428, 89138, 2 1129,05138,08!! 952213729629; 33) .8 
%0426'2953 1) 39924 129,491 39, 00/29, 6€) 38,37: 29533138975 30,0cl iy & 
4000129,9 13929 3/3010} 39,8: [50426139467 | 30144139953 3050 F 









49719,29974 








30,93 1,66'31451 1°41) 5213 '929l14.1,30131,47 1425,31, 6014192 R193), 52 

31578'42532)3129C 42,19]32,001425C5 32,264 1597 3294 5)52 

2515439121329 5014 2 ,98)/5.2,68)42,54132,8 -} 7¢|33906 54 

32552144521) 3272144107! 3259114399213 39104 3,7813 3,29 363/2348 4394933071 
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18713 355 14497213 3970144, 5813 3.59.44.43'34,06144025; 3425156 

459371349 50145522! 349744 52071 34:89] 57 
46.17]/35,1¢ $6,01135.33 5986) 3595158 
[46196]35071140 8 35,82146,653° ot [59 
4.797 6|30.32147,5% 3555 3147-44| 30-7 3]00 
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Lat. Dep.! Lat. | Dep | Lai. i Dep. ! Lat. Dep. | Lac. | Dep. | Lat. Dep | Lat. o 
go Min. | 35 sin. | oO Ming f ag Min. | 30 Min. bg Min. i 
53 Degrees 1,33 §2 Degrees 1,28]9 Fs 
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{1 3§ Min. | 30 Min. | 45 Min. o Min. J.3a5 Min. o Min. | 45 Min. cy 
Dep. “La:. | Deo. Lac. | Dep.} Lac. f Dep Lat. [Dep. | Lat. Dep.} Lat, | Dep. Lar. | Dep. a 
35985] 49,19136.0714.9,04] 3652314883136, 504 48,72) 3657 1148, 5613 6,92148,39 57,1 3643.2 337034) 61 









36,44) 49,991 36,6614.9,84136,35 49,68 37:09 j49 52 3793 °149>35137353 
6 315.2997|3 7193] 50,3437 52 $]506413 7547150543137, 65h 5053 113759115051 5/3 8,3 9298:33,35149,81138,571 63 
6415 1 573/37,62) 51,60) 7,8.315 15451 38,0" ]5 1523/38, 29) 51911138, 52150,94138,7 52r77'38396150,60 9,13} 64 
65152559) 385211 52,4 .21338,43 52925 38,66 §2,00138, 8915 1591139) 12) 5157 993415 ¥957'39> 5715 -42,39979 65 
66/535 39/38,79] 63.2215 950215 3906! :9,26152582139,401 52971139721 5295 39.95[52+36.40, 18152, 1414040 66 
67]5 4922 39538} 5450 3159, 6215 393013953 515 3565140, 081 5 355 1140,32] 5333 3140, 5 915 3,1 5.40,70|52,98141,02] 67 
68155,01 39397 5458 340,21 54360) 40,4.5 54248 0,68) 54,31 4.059 255451 314351615 3,94!4 1 4.015 35771417563) 68 
69]5 518240, 55/55 65t:0.8015 5547/41 ,0415 552814152915 501 114855 31 5429214 1976154574'42,00154, 56142,241 6g 
7915956 31415141 56.4 5 $1539)5%27 4156415510914 183)'5 99014 25! 3155972142537 5 5554'42,61155,351429851 Fo 
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| 709579444057 2[ 57.2 614.1593)5 70714252 3156. 3914. 543456, 7C14 27 3} 56152/42,97156,34'43,22156,1414 71 
7215812 5142, 32] 53, 06142, 57) 57,88142,8 31576914 3,0815 755014353 315753114355 315791414 3,8 315659 3} 72 
73}59:00.42,9 11 53587143516 58,6214 3,42158,49143,68158, 3014 3,9 315858 114.451 315759 314.4,4.4157, 7214 73| 
7459237143550! 59:67 +3976)59949 44,02159,29/44927159s 1014455 31 $839014.4,7915 897 34. 5,015.8, 5114 74 

| 75190,63144,08) 60,48144, 3 5 60,29144,61 50,09)44487 $9194 591415917914 553915995214.5,66]59)30 75 
7546 19484457) 61,2.914459 3,6 150914552 116058914 5147] 607044 5,74160,49146,001605 3 1146, 2 7160, cg} 76 

» 79|9252914.5,76162,05914555§ 316 1,90 45380461 569/4.6,0796 1, 5014.6, 34161529146, 6016 151 1146, 89}60, 8 814 77| 

! 7816 3510'45,85)62, 90/46, 1. 62570 4.640]925 $014 667462, 30146,94162,09147,2 116159 7,48161,68)4 73 
79 63,91156.4, 6357¢146,71 3950 4.6,99 63, 7127] 63,1014 7,54102,88i47,8 1162, 8,09]62,.4714 79} 

, 80164573 47,02 6455479364. 31147, 5 104.1014 718746 389148, 1 516 3268148,4216 3.47148, 7016 352 51 Q5: 

iiss 47.8 6593 955 114.8, 1}94590143 4.6164, 6914 8,7 5164148.49,0 316426149, 31164,05/4 | 
$2166, 34 48,2] 66,1 3143,4.916 5.92148, 7816557614 906465,4.914.9,3 5 6 5.27149,63 65105149,92[64,84/502C 82 
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BOOK VIIL 
OF GLOBULAR SAILING. 








| SECTION .L |. - 
Definitions and Principles, 


1. FEY Globular Sailing is meant the manner of eftimating either the 

difference of latitude, difference of longitude, departure, courte, 
or diftance, from any two of them being known, upon principles deduced 
from the {pherical figure of the Earth. 


In the preceding parts of failing, the operations were performed as if 
the courtes and diftances of fhips bad been run on a plane or flat furface. 
But this cannot be true, as appears from Book VI. Art. 2. To which, 
as farther proofs, it may be added, 1ft. That mariners, as they fail from 
northern or fouthern Jatitudes towards the equator, obferve the ftars about 
the poles conftantly to diminifh their altitude or height above the appa- 
rent horizon. 2d. It is alfo well known, that in eclipfes of the moon, 
the darkened part is bounded by a circular curve; and confequently the 
body which cafts the fhade, or obftructs the light, muft be bounded by a 
like curve. Eutas this-obfcuration is caufed by the Earth, confequently 
its furface muft be limited: by a circular figure, that is, i¢ mult be glo- 


bular, - : 
N2- . 2 Ags 


2 
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2. As meridians are circles on the terraqueous globe, meeting in the 
poles, it is obvious that any two of thefe circles muft recede more from 
one another at greater diftances from the poles ; and at equal diftances 
’. from both poles, or at the equator, the diftance between the meridians is 
the greateft. ; 

The true place of a fhip at fea depends upon its diftance from the 
equator, and from fome noted meridian; and becaufe the meridional dif- 
tance, that is, the diftance between two meridians, varies in every lati- 
tude; it is therefore convenient, that this diftance fhould be reckoned 
in a fixed latitude, and where the degrees are of the fame magnitude with 
thofe of the meridian; which can be only at the equator, where 60 nau- 
tical miles make a degree. 


3. Now a fhip failing from any latitude upon an oblique rhumb, until 
fhe has made a known departure, by the rules of plane failing, will reckon 
herfelf under the fame meridian, whether fhe fails to the northward or 
fouthward. But from what has been faid, this cannot be true ; for the 

fame meridional diftance, which in this cafe is taken as departure, will 
not ferve two diffcrent latitudes on the fame fide of the equator; there- 
fore the common methods of plane failing alone are not fufficient to fhew 


the fhip’s true place, a neceflary correction being wanted with refpeét to. 


her longitude. 

The incorre& method of plane failing was probably founded on the 
manner in which the fea-charts were at firft conftructed. For it being 
moft convenient to reprefent the meridians, parallels of latitude, and 
shumb lines in fuch charts by right lines, where the meridians would be 
parallel, and the eaft and weit tines cut them at right angles; of confe- 
quence the diftances of the meridian in every parallel were equal to the 
diftances at the equator ; and a degree on any parallel ef latitude, was of 
the fame fize as a degree on the equator : hence each degree of longitude 
in thofe parallels was increafed beyond its juft fize, in proportion as the 
equator, or its radius, is greater than the parallel, or its radius, 


4. Thefe material ahaa againft the fea-charts could be removed 
only by adopting a different method of canftructing them; and it had 
_been hinted, fome hundred years fince, by feveral perfons, that the de- 
grees of latitude in fuch charts ought to be lengthened as they approach 
the poles. Accordingly Mr. Gerrard Mercator, a Fleming, publithed 
the firft chart of this kind in the year 1556, in which the degrees of Jati- 
tude were gradually lengthened from the equator toward the poles; but 
in what manner, or how the chart was conftructed, he did not fhew ; 
veither were thofe degrees increafed in the true proportion.. 


s. About the year 1590, Mr. Edward Wright, an Englifhman, difcoe 
vered the truc principles upon which fuch a chart fhould be conftrudted 5 
which is to increafe the degrees of latitude as they approach the poles, in 
the fame proportion as the degrees of longitude decreafe on the globes, 
-But.it was not until the year 3599, when he publifhed his errors in Na- 

7 vigation, 


—— 


_— 
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_ vigation, that he fhewed publicly the principles of the true fea-chart, and 


the method of conftru€ting it: but notwithftanding Mr. Wright was the 
real inventor, the charts made on this conftruétion are called Mercator 
charts. However, as a true method of computing a fhip’s place at fea 
does not appear to have been known till Mr. Wright publifhed the faid 
book ; therefore, although the chart may not improperly be called A4r- 
cator’s, from his being the firft publifher of a chart of this kind,-yet the 
method of failing, called Mercator’s, fhould, in juftice, be named from 
Mr. Wright. ; 

6. The difficulty of conftructing a true fea-chart feems to have con- 
fifted in finding a proper manner of applying the furface of a globe toa 
plane, which Mr. Wright happily accomplifhed by a moft ingenious con- 
ception; the fubftance of which follows. 


1ft. Suppofe a rectangular plane were rolled about the globe, until the 
edges of the plane met, and formed a kind of concave cylinder inclofing 
the globe, and touching its equator. 


2d. Conceive the furface of this globe to fwell (like a bladder while it 
is blowing up) from the equator towards the poles, proportionally in la- 


titude as it does in longitude, until every part of its furface meet that of 


the concave cylinder, and imprefs on it the lines that were drawn on the 


- globular furface. 


3d. Then the cylinder, or re€tangular plane, being unrolled, will re- 
prefent a fea-chart, the parts of which bear the fame proportion to one 
another, as the correfponding parts on the globe do; and in which all the 
lines will be right lines. 


For in this formation of the nautical chart, every parallel of latitude on 
the globe will be increafed till it is equal to the equator ; and fo the dif- 
tance of the meridians in thofe parallels will become equal to their dif- 
tance at the equator ; confequently the meridians on the chart are ex- 
prefled by parallel right lines. 


Alfo, the meridians being lengthened as the parallels are increafed, 

every degree of latitude is lengthened in the fame proportion as the de- 

rees of longitude are increafed ; therefore the diftances of the parallels of 
atitude become wider and wider as they approach the poles. 


Again. As the rhumb lines on the globe cut the meridians at equal 
angles, they will alfo cut the meridians at equal angles on the chare, and 
confequently be expreffed by right lines ; fince none but right lines can 
cut feveral parallel right lines at equal angles. 


The conftruétion of fuch a chart Mr. Wright deduced from the fol- 
lowing principles. 


N 3 SECTION 
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SECTION I. 


Of the Reckoning of Longitude. 
”. PROPOSITION I. 


The diflance between any twe meridians at the equaior, 
Is in proportion to their diflance m any parallel of latitude ; 
As the radius, 

To the co-fine of that latitude. 


DEMONSTRATION. See Fig. 8. Pl. XIII. 


Let pore reprefent the fourth part of a fphere ; E betng the center, F 
the pole, ED the radius of the equator, AB the radtus of a paraliel of lati- 
tude. “Then the arcs pap, Pcd, will each reprefent a quadrant of a mee 
ridian; Dd is an arc of the equatcy, and BC an arc of a parallel of Jati- 
tude; alfo the arc pB exprefles the latitude, and PB the complement of 
the latitude, the right fine of which is Ba. (UT. 3) 

Now (ll. 197) the circumference of a circle, the radius of which is 
ED, is to the circumference of a circle, the radius of which is ar, as ED 
is to AB; that ts, as the radius of the equator, to the radius of the ak 
rallel ; or, as radius to the co-fine of the latitude. 

But like arcs, have the fame ratio which met circumferences hae 

(II. 150, 197) 

And like arcs D d, BC, are age a heewees the ane two meridians $ 
therefore 

Ar are of the equator 1s to a like arc in any parallel of latitude, 

As the radius, to the co-fine of that latitude. 

8. Coro. Hence it is eafy to conftruéta table fhewing the approach 
of two meridians in any latrtude from the equator to the poles ; ; or in what 
proportion the degrees of longitude diminifh in every latitude. 


9. PROPOSITION I. 


Any part of a parallel of latitude is to a like part of a meridian, as ra 
dius ts to the fecant of the latitude of that parallel. 


DEMONSTRATION. See Fig. 2, Pl. XIII. 


Let pve reprefent a quadrant of a meridian, where P is the pole, and 
DE the radius of the equator; AB is the radius of a parallel of latitude, or 
is the co-fine of the latitude, the fine of which is Br, and fecant Ec. 

Then EF : EB:: ED 2 EC. (III. 24) 

Or cof. lat. : rad. > : rad. : fecant of the lat. in that parallel. 

Butcofilat. : rad. : : part of a parallel : like part of the equator. (7) 

‘Thercfore, part of a parallel of Jatitude, is to alike part of the equator 5 

As the radius is to the fecant of the lat. to that parallel. 

Now like parts of the meridian and equator are equal, as great circles. 

Therefore any part of a parallel of lat. is to a like part of a meridian ; 
as radius, to. the fecant-of the lat. to that parallel. 
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Io. PROPOSITION IIL. 


The diftance of any parallel of latitute (a) from the equatsr is expreffed 
by the fuin of the fecants of all tne arcs between the equator and that paraliel. ~ 


DEMONSTRATION. 


_ Now (9) As radius, to the fecant of the latitude a ; : 
So is adiminifhed deg. of long. in lat. A, or a degree of that parallel, 
to a degree of the meridian. | 
But the degrees of latitude, or of the’meridian, are to be lengthened in 
proportion as the degrees of longitude diminifh. (5) 
Therefore, As radius, to the fecant of the Jatitude a; 
Sois a natural deg. of the meridian, to a lengthened deg. in lat. a. 
Here radius being as unity, and one natural deg. as unity alfo, 
The ‘ength of a degree in any latitude is as the fecant of that latitude, 
or may be exprefled by that fecant. : 
Now the diftance of any parallel from the equator is the fum of all the 
_fucceffive arcs between the equator and that parallel. 
Confcquently the diftance of that parallel is expreffed by the fum of 
the fecants of all thefe arcs between the equator and that parallel of la- 
titude. 


ry.:Cor. Hente it appears that by the addition of the fecants of 
fmall arcs the diftances of the parallels of latitude from the equator are 
obtained. 

And thefe feveral diftances, which are called meridional parts, being 
difpofed in a table correfponding to the degrees and minutes in a quadrant, 
form a table of meridional parts. 

This was the excellent difcovery of the celebrated Mr. right, by 
which the art of Navigation received greater improvements th€n by any 
thing that had been done before, the difcovery of the mariner’s compxfs 
excepted ; and indeed, in this and other things, he fo far perfected the art, 
that little elfe was wanted befide an accurate method to find the longitude 
at fea. There have been fince his time many eminent men, who have 
done much towards rendering Navigation more perfect; yet if the real 
ufe of their improvements be ftrictly confidered, it will perhaps be found, 
that they amount to no more than other methods of performing the fame 
operations: the improvements made by Mr. Richard Norwood and Dr. 
Halley only excepted. 


12, Mr. Wright made his table for the divifion of the nautical meri- 
dian, or the table of meridional parts, as follows. 

The meridional parts for 1 min. he made equal to the fecant of x min. 

The mer. parts to 2 mim. equal to the fum of the fec, of r and 2 min. 

The mer. parts to 3 min. equal to the fum of the fec. of 1, 2, and 3 m. 

The mer. parts to 4 m. equal to the fum of the mer. parts of 3 min. 
and the fec, of 4 min. : 

And fo on by aconftant addition of the fecants. 


Ne * Now 
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Now although a table thus made is abundantly fufficient for all nay- 
tical ufes ; yet, had the fecants of {maller parts than minutes been taken, 
the table would have been more correct. And therefore Mr. Oughtred, 
Sir Fonas Moore, Dr. Wallis, Dr. Halley, and others, have been induced 
to feck methods of conftructing thefe tables with more accuracy than by 
the addition of the fecants to every minute. : 

But a table of meridional parts conftruSted by the moft accurate me- 
thod, has only fhewed, that Mr. Wright’s table does no where exceed 
the true meridian parts by half a minute, and this only near the pole ; for 
in latitudes, as far as navigation is practicable, the difference is fcarce 
fenf:ble. a 

A table of meridional parts being obtained (fce the table at the end of 
this book) the meridians and parallels of latitude for a fea chart, in 
which the fituation of places will bear the fame proportion to onc another 
as on the globe, may be conftructed by the following propofition. 


13. PROPOSITION IV. 


To confirudl a fea-chart, which foall contain a given number of degrees of 
latitude and longitude. 


Suppofe fram the latitude of 23 degrees N. to the lat. of 59 degrees N. 
with 80 degrees of weft longitude from the meridian of Loncon. 


SoLUTION. *e 


ft, Write the feveral .degrces of latitude, included between the pro- 
pofed limits, orde:ly under one another in a column, the greateft being 
uppermoft. 

ad. Then beginning at the lower one, wiite in another column 
againft cach degree, the difference * between the meridional parts of the 
lefler latitude, and of that degree of latitude. 

3d. Dtvide each of thefe meridional difterences by €0, fetting the quo- 
tients againft their refpcctive dividends, in another column; and 
thefe will be the meridional parts reduced to degrees of longitude and 
will exprefs the meafures of the divifions for the meridional degrees 

‘If the meridional differences to parts of degrees, or minutes be want- 
ed, they are to be taken from the table of meridional parts + the fame 
manner. 

Thefe three articles are exemplified in the following table; which 
although made to ferve from the equator to 72 degrees of latitude yet 
will ferve for any intermediate limits, by fubtracting the meridional de- 
grees belonging to the latitude where the chart is to begin from thofe of 
all the latitudes the chart is to contain: from the feveral remainders 


make a table, and thefe will be the numbers to be transferred to the charts 
as is fhewn in what follows. 








* This is beft done by writing the merid. parts of the Jeffer lat. clofe to 


the upper edge of a bit of paper, of the fame fize with the tabular figures ; 


then this number being applied to the mer, parts of 
differences may be scadily taken. p the other degrees, the 


~ 
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A TABLE for confirudting a Mercator’s Chart. 


Mer.| Mer.|, Mer.|Mer. 


Mer.| Mer. | Mer.| Mer, 
Parts Deg. Lat. Parts Deg. . at 


Lat. 








ap an | aumento qa | ose RES | ene | ete || “Sega | atthe | epee 


72 16335 105,61) 54 [3865 |64,4 
71 |6146|102,41 53 |3764162,7 
70 15906] 99.4] 52 |3665 61,1 
69 15795} 96,6) 54 |3569/59,5 
68 (5631) 93,8]| 50 1347515799 
67 |5474| 91,2]| 49 13382) 56.4} 


2171} 36,21 16 |0973 
2100] 35,0]) 15 JOgIO 
2028 33.8) 14 |0848 
1958] 32,6] 33 [0787 
1888] 31,5|| 12 |0725 
1819] 30,3] 11 [0664 
1751] 29,2) 10 {0603 
16841 28,1] 9g josq2 
16161 26,9] 8 |o482 
1§50/25,8i 7 |O421 


commie || ee 








_| 66 15324] 88,7) 48 132921 54,9 
65 15179] 86.3) 47 |3203)5 34 
64 |5039| 84,0} 46 [3116/5 1,9 
63 | 4905 | 81,711 45 |3030) 50,5 
62 |4775| 79.6]| 44 12946] 49,1 
61 14649] 7755] 43 12863] 47,7 


cqmeeeese | ewewMies | eeee@ess || ae 




















6o 14527] 7555|| 42 |2782/ 46,4 1484) 24,7] 6 |0361 
59 |44°9] 7351 41 12702] 45,0 14.19] 23,6} § |0300 
58 [4294] 71,6] 40 |2623] 43,7 1354] 22,6] 4 |0240 
57 4183] 69,7] 39 12545 | 4204 1289] 21,5) 3 jo180 
56 14074] 67,9) 38 [2468] 41,1 1225] 20944 2 Jo1z0 
55 13968] 66,1)} 37 12393] 3959} 1161] 19,3]| 1 !oo6o 


4th. Draw a line aB (fee Plate XII.) to reprefent a part of the pa- 
rallel of latitude where the chart is to begin (which in this example is 
the parallel of 23°); and on this line, by the help of a fcale of equal 
parts, lay a number of fucceffive divifions to exprefs the propofed number 
of degrees of Jongitude. , 


_ Thus 80 degrees of longitude being propofed, from fome {cale take 
one of. the primary divifions, and this diftance being repeated eight fuc- 
ceflive times in the line ax, will give divifions to every tenth degree of 
longitude, and then let the intermediate degrees be inferted, and aB will 
be divided into 80 equal parts of that fcale; which, in this example, is 
the fcale where eight fubdivifions or degrees make aninch: in like mane 
ner the parts of degrees may be inferted. 


hae From the ends a, 8, draw lines AD, BC, perpendicular to AB 3 
and on thefe lines lay the divifions expreffed by the meridional degrees jn 


_ the foregoing table, beginning at the line AB. 


. Thus, if the chart began at the equator, and extended to Yh degrees 
of latitude ; for 70 deg. take 99,4; for 69 deg. take 96,6; for 68 deg. 
take 93,8, &c.; and thefe divifions taken from the fame f{cale, and laid 


-feverally on AbD, BC, will give the divifions for the degrees of latitude ine 


creafed in their true proportion ; and the like for the intermediate parts 
of degrees, 
But 
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But the chart beginning at 23 deg. of lat. its meridional degrees 23,6 
gre to be fubtracted from thofe belonging to all the latitudes to be intro- 


- duced in the chart. The refpetive remainders are fhewn in the following 











table : 
Deg.| Mer. ! Deg.| Mer.} Deg. Mer||l Deg.|Mer.| Deg.| Mer. i Deg. Mer. 
Lat. |Deg.|) Lat. | Deg.} Lat. | Deg.) Lat.| Deg. Lat.|Deg.!| Lat.| Deg. 









enim | aia, osm wep Gnme=ss | esmimmegee [ ceetheteee 


59 149-911 53 | 390): 47 
58 | 48,0) 52 | 375]1 46 
57 | 46.1) 51 | 35,9]! 45 
56 144.31) 50 | 34.31, 44 
2551, 49 | 32,8] 43 
40,9]| 48 | 31,21) 42 








Then thefe meridional degrees, taken from the fame fcale ufed for the 
degrees of longitude, are to be applied to the meridians Bc, AD; fo that 
the meridian extent of the chart will be 49,9 fuch divifions, as the pa- 
rallel extent eaftward contains So. 

6th. Draw lines through the feveral correfponding divifions of latitude, 


_ and they will reprefent the parallels of latitude; lines drawn through the 


divifions of longitude, will exprefs the meridians or ‘parallels of longitude. 
In this cxample, the meridians and paralicls are drawn only to every 16 
degrees. 

7th. From fome point of the chart, as a center, let the rhumb lines be 
drawn. | 


14. Note, The difference between the meridional parts to two given 
latitudes is called the MERIDIoNAL DIFFERENCE oF LATITUDE, to 
diftincuith it from the difference of latitude of thofe two places reckon- 
ed in miles of the equator, which is called the proper difference of lati- 
tude. 

In a chart thus conftruéted, every place may be laid down in its true 
pofition, with regard to other places, by its latitude and longitude, with 
as much accuracy. as on the globe itfelf, the diftances of the meridians 
and parallels of Jatitude having the fame proportion to one another in 
both. Thus, on the globe, the diftance of two meridians in the parallel 
of 60 degrecs is half their diftance at the equator, becaufe the co-fine of 
60 degrees is half the radius (JIT. 24); foin the chart, at the latitude of 
60 degrees, the meridional difference of Jatitude to one minute is double 
to the meridional difference of lat::ude of one minute from the equator, 


the fecant of 60 degrees being double to the radius (III. 24, 34) ; and 


the hike analogy holds in other correfponding latitudes. 

Now as the meridians are parallel right lines, and are cut at right 
angles by the parallels of Jatirude, and the rhumbs alfo being right 
lines; fuch a chart is of more fervice to the mariner for moft purpotes, 
than the globe is. 

The properties of the feveral lines and angles ufed in failing by this 
chart will be fhewn in the following propofitions. 


4 15s. PRO 


—_ - 
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15. PROPOSITION V. 


— Tf a frip fails on any oblique rhumb, the proper difference of latitude to the 

departure, the meridional difference of latitude to the difference of longitude, 
and the radius to the tangent of the courfe, are all in the fame ratio. See 
Fig. 1. Pl. XL. 


DEMONSTRATION, 


Suppofe a fhip from p in the latieude of 30 deg. N. fails on the rhumb 
Ps, to s in the latitude of 40 degrees north. , . 

Now becaufe fhe has made 10 deg. of diff. lat. ; make Po, in the me- 
ridian, equal to 10 degrees of the equator; and draw o R parallel to qs, 
Meeting the rhumb Fs in R. 

‘hen po expreffes the proper difference of latitude. 

OR the departure. ; 
PR the diftance failed in equatorial meafure. 
ZOPR is the angle of the courfe. 

And R is the apparent place of the fhip. 

But having made ro deg. diff. lat. fhe fhould be in the parallel of 40 
degrees ; her place therefore, when corrected by longitude, will be in s. 

Then qs will be the difference of longitude. 

And pq the meridional difference of latitude. 

Now the triangles PoR, PQs, are fimilar. 

Therefore PO : OR :: PQ: Q& (IT. 167) 
 - * Alfo PO : oR :: rad.: t.ZOPR. (ILI, 46) 

Confequently. As the proper diff. lat., to the departure ; 

So the merid. diff. lat., to the diff. longitude. 
And So is the radius » to the tang. of the courfe. 


16 PROPOSITION VI. 


The tangents of the angles wiich different rhumbs make with the meridians, 
are direélly proportional to the differences of longitude made on thofe rhumbs 
to equal meridianal differences of latitude: Or, are reciprocally proportional 
to unequal meridional differences of latitude on thofe rhumbls, when the diffe- 
rences of longitude are equal. See Fig. 1. Plate XII. 


DEMONSTRATION. 


Let Qs, Qv, be the differerices of longitude made on the rhumbs Ps, — 
PV, to the common merid. diff. lat. PQs allo Pw, PQ, be the meridional 
differences of latitude, on the fame rhumbs, to the equal differences of 
longitude wx, Qv. : 

Now PQ: QV: 3 R : tZaQrv i Ul. 26 

And PQ: Qs 2: R : & Zaps. . (IIT. 46) 

Confequently Vi: Qsi: &ZoQPv : ¢,Z Ps, (II. 155) 

Again. Since’ R :t2yPv i: PQ: QV 

° And RR: a wex = % ire ed feaexyt (III. 46) 





Then R X QV=PQXt.ZQPV=PW Xt, Z WPX (IT. 162) 
Confequently PW : PQ: : t,ZQPV : t, ZL WPX. (II. 46, 163) 
| “* 17. PROP, 


“\ 
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17 PROPOSITION VI. - 


If a foip fails on feveral different rbumbs, the whole meridional diff. lat. is 
equal to the fun, or difference 7, all the fucceffrve meridional differences of lat. : 
And the whole diff. long. is alfo equal to the fum, or ot eagra of all the fuc- 
ceffrve differences of longitude ; se being taken when they are of the fame 
name ; and the differences when of contrary names. See Fig. 2. Plate XII. 


DEMONSTRATION, 


_ ft. Suppofe a fhip fails from E in the lat. of 23° N. to c in the parallel 
of 26 deg. N. Then £ g=mer. diff. lat. and G g=diff. long. | 
ad. To fail from 6 to H in the parallel of 28 deg. Then G b=diff. lat. 
and / H=diff. long. | 
Now £ m=Eg-+c A, is the whole diff. latitude. 
And m H=mb— A, is the whole diff. longitude. 
gd. She fails weft from to 1: here fhe only alters her longitude by 
H1; fo that her prefent diff. long. is m 1. | 4 
4th. In failing from 1 to K, fhe increafes her diff. long. by & k, from 
‘mitog K; and decreafes her diff. Jat. by 1k, from £ mto ke g. 
sth. In failing north from K to P, the diff. long. p P continues the 
fame; but the diff. lat. is increafed by K P, from E g to E p. 
6th. In running eaft from P to M, the diff, lat. £ p does not alter; but 
the diff. longitude is diminithed from p P to p M. 
7th. By going from M to Nn, the diff. lat. is increafed by m J, from & p 
to Bg; and the diff. long. is changed from p M, or g/, tog N. 
Confequently the whole diff. lat, £ g is equal to the fums, or differences 
of all the differences of lat. ; ‘and the fame of ¢'N, the whole difference of 
longitude. 


48. PROPOSITION VIIL 


Uf the courfe between any two places, outward and homeward, be on the 
eppofite rbumbs ; then in each cafe the eee of latitude, departures, and 
differences of longitude, will always be the fame. See Fig. 3. Plate XII. 


DEMONSTRATIONS? 


Suppofe a fhip at a in lat. 25 deg. N. fails on one rhumb to the lati- 
tude 40 deg. N. fo that at the end of every third day fhe alters her diff. 
Jat. five deg. or 300 miles; and returns, on the oppofite rhumb, in the 
fame manner. — : 

Through the interfe&tions a of this rhumb, with the parallel of every 
five degrees, draw meridians ; make a d, a@ f, each equal to five com- 
anon degrees of the equator; and draw d 6, f ¢, parallel to the parallels of 
atitude, 

Then are the lines ad the proper differences of latitudes outward to 
each third day’s account, which muft be every where equal ; and alfo, the 
equal lines a fare the differences .of latitude homeward to the like ace 


counts. | 
"Tite 


oo a 
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The lines ¢ 6 outward, and f¢ homeward, are the departures to each 
third day’s account. 

The lines a 4 outward, and a ¢ homeward, are the diftances run to 
each third day’s account. 

The meridian lines a ¢ outward, and a m homeward, are the meridional 
differences of latitude; and the weft and eaft lines ¢ a outward, and na 
homeward, taken on the parallels of latitude, are the differences of longi- 
tude. 

Now it is evident from the conftruction that the triangles a d 4, a fe, 
in each account, are equal to one another. : 

Alfo, that the meridional differences of latitude, and the differences of 
longitude, ‘to the accounts between the fame parallels of latitude outward 
and homeward, are refpectively equal to one.another. 

Confequently the truth of the propofition is manifeft. 


19. PROPOSITION IX. 


The divifions of the meridian line on the Mercator’s chart form a table of 
the differences of longitude anfwering to each minute of latitude on the rhumb 


dine making an angle of 45 degrees with the meridian. See Fig. 1. Pl, XIL. 


DEMONSTRATION, 


Let pv be a rhumb of 45 degrees. 
Then, fince PQ is at right angles to gy. 

The angle gpv= Lav, each being half a right angle. . 
Confequently qv=ap. i (II. 104) 
Now Pc is the {um of all the meridional differences of latitude between 

the parallels through P and a. | (11) 
And -qv.is the fum of all the differences of longitude between the meri- 
dians through Q and v. 
Therefore on a rhumb of 45 degrees, the fum of all the differences of 
longitude is equal to the fum of all the meridional differences of latitude. 
But the fum of all the meridional differences of latitude is the fame as 
the nautical meridian. (12) 
Confequently, on a rhumb of 45 degrees the difference of longitude, or 
the fum of all the intermediate differences of longitude to every minute 
of latitude, is equal to the correfponding parts of the nautical meridian 
line. 


20. In the Philofophical Tranfactions, N° 219, Dr. Halley has given 
a very Curious paper relating to the divifion of the nautical meridian, by 
a method quite different from Mr. Wright’s ; and becaufe it contains 2 
method of performing the problems of failing according to the true chart, 
by the help of Briggs’s, or the common table of logarithmic tangents, 
a a table of meridional parts ; the fabftance of that paper is here. 
annexed. 


The 





A 
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> Fhe Doétor fays: It was firft difcovered by chance, and, as far as I. 
« can learn, firft publifhed by Mr. Henry Bond, as an addition to Nor- 
<¢ wood’s Epitomy of Navigation, about the year 1645, that the meridian 
“ Jine was analogous to a fcale of logarithmic tangents of half the comple- 
<< ments of the latitude. “The difficulty to prove the truth of this propo- 
“ fition feemed fuch to Mr. Mercator”? (an ingenious mathematician 
then living, and) ‘* the author of the Logarithmotechnia, that he pro- 
“° pofed to wager a good fum of money, againft whofo would fairly un- 
6¢ dertake it, that he fhould not demonftrate either that it was true or 
“ falfe: And about that time Mr. ohm Collins holding a correfpondence 
“ with moft of the eminent mathematicians of the age, did excite them 
¢ to this enquiry. : 

& The firft that demonftrated the faid analogy was the excellent Mr, 
© Yames Gregory, in his Exercitationes Geometrica, publifhed anno 1668, 
© which he did, not without a long train of confequences and compli- 
&¢ cation of proportions, whereby the evidence of the demonftration is in. 
“* a great mealure loft, and the reader wearied before he attains it.” The 
Doétor proceeds, * Nor hath any one, that I know of, yet difcovered the 
<‘ ryle for computing independently the interval pf the meridional parts: 
& anfwering to any two given latitudes.” a 

The Doctor then gives the demonftration of the faid analogy in a very 
elegant manner 5 and draws feverat-ufeful conclufions. But, as he con- 
fefles himfelf, he is too concife for learners ; and the writers on this fub- 
seét have been no lefs fo. In order therefore to fet this affair in a clear 
licht, and to keep to the Doétor’s principles, it was thought convenient 
to difpofe of the fubject in the following manner; but the propofition 
may be proved from principles very different from thofe which were ufed 
by the Doctor. 


21. PROPOSITION X. 


On the globe, the rhumb lines oblique to the meridians are fpirals, which 
continually approach the poles, ; 


e 


ad 


DEMONSTRATION. 


In any place on the furface of the globe the rhumb running north and. 
fouth, coincides with the meridian of that place; the eaft and weit rhumbs 
are perpendicular to the meridian, and the other rhumbs are oblique to 
it; but this obliquity is the fame under every meridian; therefore all the 
rhumbs, except the north and fouth, cut the meridians at equal angles. 

When right lines are parallel to each other, a rizht line will cut them 
at equal anzles (11. 95): But not fo, when the lines are inclined to one 
another; therefore feveral inclining lines cannot be cut at equal angles, 
except by a curve line bending toward the place where thofe lines would 
mect. _. ; 

Now the meridians on the globe, meeting in the poles, are inclined to 
one another ; therefore the oblique rhumbs cutting them at equal angles, 
are curve lines continually approaching the poles.’ 


22. PRO s 
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22, PROPOSITION XI. 


The fpiral rhumbs on the globe become proportional fpirals in the flerese- 
grapbic projection on the plane of the equator, Sce Fig. 3. Plate XIII. 


DEMONSTRATION. 


Let carb reprefent part of a fterecgraphic projection of the {phere on 
the plane of the equator, where arB is part of the equator, c the pole, 
CA, CD, CE, &c, are meridians, and the {piral a de f one of the rhumbs. 

Now in every ftereograshic projection the lines interfecting each other 
form anglcs equal to the angles on the {phere which they reprefent. 

IV. 52 

Therefore the projeCtion of the rhumb line ade f cuts re radios 
meridians AD, AE, Xc. at equal anyles. 

But this is a property alfo of the proportional fpiral, (IT. 225) 

Therefore the fpizal rhumbs on the globe become proportional {pirals 
in this projection. . . 

23. Cor. Hence the differences of longitude AD, AE, AF, &c. are 
logarithms of the ratios of the intercepted-paits c d, ce, c fy &c. of the 


' meridians to the radius ca. 


24. PROPOSITION XI. . 


The meridian line ts a fcale of logarithmic tangents of half the complement 
of the latitudes beginning from the radius. 


DEMONSTRATION, 


‘Let the figure CADEB be part of the ftereographic projeftion of the 
{phere on the plane of the equator, as in the laft propofition: and on 
any rhumb let the points a, d, ¢, f, &c. reprefent certain places on the 
globe, of which a ts a point in the equator; then will ® d, Ee, Ff, &c. 
exprefs their refpective latitudes, and the arcs AD, AE, AF, &c. their dif- 
ferences of longitude from the longitude of a; alfo c being the pole, the 
lines c dy Ce, cf, &c. are the prejcctions of the complements of sheir 
Jatitude S. 

Now in this proje‘ion the lines cd, c+, cf, &c. are equal to the 
tangents of half the complements of thofe lititudes. (IV. 48) 

And the differences of longitude Ao, AE, AF, &c. are logarithms of 
ae ratio of thofe tangents, or of the lines Cc a, Ce cf, &c. to the ra- 

lus CA. 

Alto the lengthened degrees of the nautical meridian line are the longi- 
tudes of thofe degrees made on the rhumb of 45 degrees, whether ex- 
prefled in minutes, according to. the ufyal tables, or in degrees, as fome 
writers have done, 


4 


25.PRO- 





144 GLOBULAR SAILING. Book VIF, 


25. PROPOSITION KXIL 


The logarithmic tangent of half the complement of any latitude in Napier’s 
original fyftem, divided by 0,0002908882, EFc. firf? multiplied by the ra- 
dius of the tables, exhibits in minutes the change in longitude, which will be 
made on the rhumb of 45 degrees from the equator to that latitude; or the 
lengthened degrees in the meridian line from the equator to that latitude. 


DEMONSTRATION. 


The differences of longitude Ap, AE, AF, &c. being on the rhumb of 
45°, logarithms to c d, ce cf, &c. which begin from the radius, and 
proceed from thence, in like manner as Napier’s logarithmic tanzents do 
from his radius : LI. 229) 

Therefore his logarithmic tangent of half the complement of any lati- 
tude bears to his radius the ratio of the.arc of longitude accompanying the | 
change of latitude to the radius of that arc, comequently it is the ratio of 
the number of minutes contained in that arc to the meafure of the radius 
in minutes. 

Hence the logarithm will alfo be to the radius of the table multiplied 
by 00002903882, &c. (the arc of one minute, when the radius is unity) 
as the number of minutes in this arc is to the meafure of the radius 
in minutes multiplied by 0,0002908582, &c. that is, to one minute; 
for the meafure of the radius in minutes is to one minute, as unity to 
0,0002508882, &c. 

Therefore the number of minutcs contained in the longitude, or the 
lengthened degrees in the meridian line, is equal to the logarithm named, 
divided by 0,0002908882, &c. firft multiplied by the radius of the table. 

26. Cor. Napier’s radius being 100c0000, the logarithmic tangent will 
be divided by 2908,882, &c. 

If the difference between the logarithmic tangents of half the comple- 
ments of any two latitudes, when on the fame fide of the equator, or their 
fum, if one latitude be north and the other fouth, be divided in the fame 
manner, the quotient fhall give the meridional parts for the interval bee 
tween the two lattiudes. 


27. PROPOSITION XIV. 


[fin Briggs’s logarithms the index, or charadleriftic alone be confidered as 
an integer, and all the refi as an appendage of decimals, the difference between 
the logarithm of the radius, and the losarithmic tangent of half the comple- 
ment of the latitude of any place divided by 0y00012633114, &e. gives the 
minutes of the change of longitude in paffing on the rhumb of 45° to the lati- 
tude of that place, or the meridional parts corre/ponding to that Istitude. 


DEMONSTRATION, 


_, Briggs’s logarithms thus interpreted are to Napier’s original loga- 
rithms, as 1 to Napier’s logarithm of 10 (or rather to his logarithm of the 
ratio between ro and 1) which is nearly 23725851 *, and the difference 








© The number ufually fet down, as Napizr’s logarithm of 10, is more p:o- 
erly his logarithm divided by the radius of his trigonometrical table, wich 
1s the radix trom which he railed his logarithms, 


5 named 
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‘named are logarithms of the refpective tangents to the radius. There- 
2.998, 882 


fore thefe divided by pater (=0,00012633114, &'c.) will produte 


the fame quotient, as Napier’s logarithms affigned to the fame tangents 


(which are the logarithms of the ratio of thofe tangents to the radius In | 


his fyttem) divided by 2908,882: this quotient therefore will be the 
minutes of the change of longitude on a rhumb of 45°, that is, the length 
of the meridian line. ) 

28. Cor. If the difference from the radius of the Jogarithmic tangent, 
taken from any table of logarithms of Briggs’s form, be confidered as 
confifting wholly of integers, and divided by 12633114, &%c. in which fo 
many figures fhal] be efteemed integers, as are four fhort in number of 
the logarithmic tangent taken, the index included, the quotient fhall give 
the meridional parts appertaining to that latitude *. 

Alfo here, if in any logarithmic table of the common form, the diffe- 
rence between the logarithmic tangents of half the complements of any 
two latitudes on the fame fide of the equator, or their fum if one latitude 
be north and the other fouth, be confidered, as an integer number, and 
divided in like manner, the quotient fhall be the meridiossl parts for the 
interval between the two latitudes. 


 ScHOLIUM. 


29. The numbers in Napier’s table divided by 2908,882, &¢. exhi- 
biting the change of longitude on a rhumb of 45°, the tanvent of which 
is equal to the radius, the numbers themfelves will exprefs the chanze in 
Jongitude on a rhumb, the tangent of which is 2908,882, &c. times the 
radius, and the angle 89’ 58’ 49”5 and if the logarithm be divied by 
10, 300, or 1000, the angle of the rhumb will refpedctiveiy be 86’ 48’ 
ri, 88° x! 52”, or 71° 1/ 42”, which is the angle Dr. Hallcy has 
chofen. 

After the fame manner in Briggs’s fyftem, the difference of the tan» 
yent of half the complement of any latitude from the radius divided by 
0,000126331 14, &Sc. exhibiting the correfponding length of the meridian 
line, fhould the index of the logarithm be alone confidered as an integer 
number, thofe differences will be the change of lonzitude on a rhumb, 
the tangent of which is equal to the radius of any trizgonomctrical canon 
of Briggs’s form multiplied by 0,0001263311438, ec. and tie angle 
0° of 26%. But if one frgure befides the index be taken as integer, the 
tangent of the rhumb will be the radius multiplied by 0,0012633, 7c. the 
angle being 0° 4’ 203"; if two, the angle will be 43° 25%”; it three, the 
angle will be 7° 12’ o”; and if four, as Dr. Halley propofes, the angle 
will be 51° 38° 9”. a | 

From the preceding propofitions all the problems relating to the true 
method of failing may be accurately refulved; and although they are 
here all contained under the general title of globular failing, yet as the 





* Thus when the tables of logarithms have eight places with the index, 
the divifor will be 1263,3, Sc. but when the tables confiit of 7 or 6 places, 
the divifor will be 126,33, &«. or 12,653, &c,; and fo on. 
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common cuftom has been to diftinzuift different kinds, in which the 
Jongitude is confidered; fo here, in compliance with fuch cuftom, it was 
thought proper to retain the ufual forms, wiz. parallel failing, middle laté- 
tude failing, and Adcrcator’s failing, or more properly Wright's failing ; 
which are diltinétly treated of in the following fections. 


SECTION IH. 
Of Parallel Sailing. 


30. PARALLEL SAILING is the art of finding what diftance a fhip fhould 
run due caft or weft, in failing from the meridian of one place to that of an- 
- other place, in any parallel of latitude. 

This kind of piloting is generally ufed in conducting a fhip to an ifland, 
which lies at a confiderable diftance from the main land, or other iflands ; 
and alfo on fome other occafions. 

Tihe method of performing which is to fail to the parallel of latitude the 
place is in, keeping a good account, fo as to be certain whether the place 
is ‘then to toe ealtward, or weftward; and alfo, if poffible, to know the 
Jongitude arrived at; and then to run due weft, or eaft, until the fhip 
coins near the longitude of the given place, where fhe is fure to make the 
port required. 

‘he computations in parallel failing depend on the following 


Rugs. 
31. 45 radius, ='R: 
To the co-fine of the latitude of any parallel; =. S. 
So is the miiés of longitude between any two meridians, ib. 
. To the difiance of thofe meridians in that parallel. =D 
For the demonttration, fee Art. 7. 
From the fame propofition is eafily deduced the following 
RuLE. 
32. Ai the es-fine of one latitude, == SS 
Ts ta toe co-fine of another latiiude; =: ss 
So is a given meridisnal diflance in the firft parallel, =" Di 
To the corresponding meridicnal diftance in the fecond parallel, = .d. 


33- And hence ariie the following proportions. 


R S 22 @. i 2b 
S Re ee De eds 
L DD 2 “R: AB. 4S 
S 5 t: Ds: a 
D “a. % S Se 


By which a'l the eafes that can boppen in this kind of failing are readily 
relulved by the Jogutithms, and alio by the following table, calculated for 
a difference of lonvitude of 1 degree, or 60 nautical miles of the equator, 
bythe fritrule, Dbus, | 
As reais, te the co-fine of any latitude; Juppofe 30°; 
So 00 ini-es of longitude, to the meridional diflance 51,46. 
And the like to the other latitudes. a 
4 34. 4 


- & ~——-—— ~ 





| 
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34. 4 Tasie fhewing bow many miles anfwer to a degree of 
longitude, at every degree of latitude. 


Miles 
I 51,43) 46 41,68! 61 129,09 76 \14 51 
2 50.83) 47 |40.92) 62 28,17 77 [13+ 
3 |59-92l 18 157,06; 33 150,32)' 48 [40 15] 03 ‘27,24 78 [rz 48 
4 1599851) 19 56573 34 149574) 49 139530) O4 [20,30 79 [Ft 45 
§-/59577]) 20 {56,38 35 149,15], 50 38557] O§ ,25,30, 80 10.42 


Lat.| Miies!} Lat.| Miles} Lat. 

ween | eens | | comes | emma = | 
i 

$9299), 16 |57,67) 3h 

59596) 17 157238) 32 


Lat.| Mile. : Lat.| Miles Lat.| Mile 







, 











| Peery | EE IE, 
6 |59,67| 21 |56,01)) 36 48,54) 51 37976; 66 2441 81 | 9,38 
23155003) 97 1479921 52. )90-94)) OF lz Sed t 2) 8135 
| 23 (5523: 38 147,28) 53 |36,11'| 68 ee 83 | 7,32 
9 59.26) 24 54281) 39 4,63] 54 1352271, 69 21550) 84 | 6,28 
10 159,09) 25 '54538/ 40 145.96) 55 134.41) 70 |20,52, 85 | 5.23 





—|—- | = —._ | —| —- | —| —-| — -—-- —--|-—-— 

t1 153,39) 26 |53,93) 41 145.28) 56 133,55! 71 119.53, 86 | 4,18) - 
12 (58,69) 27 153546) 42 [44,59] 57 132,63) 72 118,54! 87 | 3,14} 
13 [58,40 28 [52,97) 43 !43085)| 58 (31,79) 73 [17,54 88 | 2,09 
14 58,22 29 525471) 44 143,16'| 59 130,g0!] 74 11654) 8g | 1,05 
15 '57.95! 30 {g1,g0h 45 142,431 60 |30.031 76 "154531 90 








The ule of this table will be evident from what follows: 


35» If the meridional difance is wanted to degrees and minutes, proceed 
thus: i \ 


Take the difference of the meridional diftances to the given degrees, 
and thofe which are next greater; multiply this difference by the given 
minutes, and divide the product by.603 then the quotient fubtracted from 


the miles azain{t the given degrees in the table, will leave the meridional 
diftance required. : 


36. But if a meridicnal diflance, intermediate to thofe in the table. was 
given to find the correfponding degrees and minutes. 


Subtract the given meridional diftance from the next greater, found in 
the table ; multiply the remainder by 60; divide the product by the diffe+ 
rence of the meridional diftances next greater and lefs than the given one; 
then the quotient being annexed as minutes to the degrees of the next 
greater meridional diftance, will give the degrees and minutes fought. 


Exam. to the firft Rule. Exam, to the fecond Rule. 
How many miles anfiver to a degreé| In what. lat. do 46,08 miles nafwer 
of ling. in the lat. of 48° 26’ ? to one deg. of longitude ? 
Lat. 48° = 40,15 miles. From 46,63, the miles to 39% 
Lat. 49 39,36 miles. Take 46,08, the given miles. 


The diff. is 0,79, which multiplied| Leaves 0,55; which multip. by 60 
by 26 gives 20,555 this divided by|gives 33.00; this divided by 0,67, the 
6o gives 0,383 which taken from 40,36 | diff between 39° and 40°, gives 49. 
leaves 39,77. the miles required. = | So ey" 49’ is the lat. fought. 

2 


37. Case” 
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37- Case I. Given the latitude and difference of longitude; required 
the diffance. | 


Exim A bit in the latitude of 32° N. fails due eaft till her difference 
fade as «84 miles: Required the diflance fhe has run. | 


1 
f * 


a 


By Constxruction*®. Fig. 4. Pl. XIII. 


Fe--; + y nint p, with the radius of go, taken from the fcale of na- 
Cute es un tbe the are £Q3 draw the chord EQ equal to’ 384 miles 
tie cn fu.n a feale of equal parts; and draw the radit PE, PQ. 

ris the fame poiat Pp, with a radius equal to the fine of 58° (the comp. 
ic.) taken from the nat. fines defcribe the arc AB 3 and draw the chord 
"AB, the meafure of which is the dittance fought. 

Here p reprefents the north pole; the arc EQ the equator ; the arc AB 
a parallel of latitude; the chord EQ is the difference of longitude; the 
chord ax is the meridional diftance fought; a is the place failed from, B 
the pluce arrived at; and the radii pe, PQ, exprefs the meridians of the 
placcs to fziled from, and arrived at. 


” 


By ComMPuUTATION. 





As radius = 90° oo 10,00c00 
‘Lo co-f. lat. <= 32 oo 9,928 42 
So miics long. == 384 258433 
To mules dit. = 325,6 251275 
| eee 
So that fhe has run 325,6 miles. 
; By the Tanve. (34) 


Seek the miles to the given latitude; multiply them by the given diff, 
longitude; the quotient divided by 60 will give the meridional diftance 
fouy bt. | 

‘Taus. To lat. 32° anfwers 50,88 miles. 

Multiply 354 the given diff. longitude. 
20352 
40704 
15204 


Go) 195 37,92(325,632==-merid. dift. fought. 





—_—s 





® This and the conflruétion of the following cafes depend on the Ortho- 
graphic projeGion ¢ of the circles of the {phere on the piace of the equator, 
thar ctrele beige the primitive, and its center or pole reprefenting the point 
jore whica cue pole of che Marth is projected; confequently the diltance fron 
tne pole of any paracl ox latuude,-mult be exprelied by the complement of 
thar jauide, | 

$ This prsyeftian is formes py feppofing that any point on the furface of a fphere is picic Ved on 
a plens cating Ue ude its center, by a line drawn through that point perpenviomar Co the plane j 
which eoeru ts Goa lame, as if che vifual ray came from an eve at an inituite dulance. 

Dhusia rigs. VL MUM. perpend. lacs through By 6, projcét chofe points in fy z on the 
planes cur: Vicrclore imll cicles on that piaag are dnebed with cis radu By Base he 
anes of che acs FL, PY. 

28. Cask 


Cd 


— ee —————— 


—_ 


+ ee ee ee 





_ found to be 39° 49’. 
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38. Case II. Given the latitude and meridional diftance ; required the 
' difference of longitude. : 


Exam. 4 fhip frem the latitude 53° 36' N. longitude 10° a E. fails 
due wef) 2.36 miles: Reguired ber prefent longituads. 


By ConstrrucTion. Fig. 4. Pl. XIII. 


From the point p, with the fine of g0°, and the co-fine of 53° 36’, 
defcribe the arcs EQ, cp. Draw the chord cp=236; through c and 
D draw the radii PE, PQ; then the chord EQ being as will be the 
difference of longitude. 











By COMPUTATION. 6,0)39,8(6° 38’. 
As pc, the co-f. lat. - == 53° 36’ 0,22664 = 
To ps, radius = go 00 10,00000 | Long. from Io «6oSE, 
So cp, merid. dift. = 236m. — 2,372g1 | Diff. long. 6 38, 
To Eq» diff. long. =. 30757 2559955 | Long. in 3 408. 


By the TaBLe. 

Find the meridional diftance to a deg. of lona. in lat. §3” 36’ (35), and 
make it a divifor to the produét of the given meridional diflance by 0 ; 
then will the quotient be the diff. long. fought. 

Thus. The diff. merid. dift. to 53” ? and 54°, 18 0,853 which multiplied 
by 36’, and divided by 60’, gives 0,51; tuis taken from 36,14, the uw ae 
dift. to 53°, leaves 35,6 for the merid. ditt. to 53° 362 Pnen 239 mde 
plied by 60, and the quotient divided by 35,6, gives 3977 for the Ar Op. 
fought. 


39. Case III. Given+the difference of longitude, and its correfponding 
meridional diftance ; required the parallel of latitude. 


Exam. In what latitude do 384 miles a meridional difance ae ver to 
500 miles of diff. longitude ? 


By Construction. Fig. 5. Pl. XII. 

From the point p, with the fign of go°, defaribe the arc EQ 3 draw the 
chord EQ= 500, and draw the radii PE, PQ; make £C= 384, draw c3 
parallel to rp; then the arc aB being defcribed with the radius PB, is the 
parallel of Jat. fought. 


By CoMPUTATION. | - 


As £q,thediff. long. =: 500 7530193 
To as, nrerid. dift. ae 0384 2553433! So m the lat. 39° 49’ 
So Pe, radius = go? 0d 10,06000)384 miles of mend. dit 


finiwer to §00 mules of 
To pa, the co-f, lat. == 39°40: < ee 





By the FaRre. 
The given merid. dift. 384 being multiplied by 6a, and the produ 
divided by the given ditt. long. Sas, “gives 4° a the menid. dili, co ove 
deg. of long. in the lat. fought : and by article 36, the latitude wil be 


O 3 40. Casg 


eHOOH S Apcoep ye sours 


\ 


* 
' 
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40. Case IV. Given the diftance of two places in a given parallel of 
latitude ; required the diltance of two other places, under the fame meri- 
dians with the tormer, in another given para'lel of lativude. 


Exam. From two ports in the lat. 32° 20’ N. diflant 256 miles, two 
Ships fail direétly north: How far are they diftant from one another, when 
they come to the iat. 449 32 Nv? 


By Construction. Fig. 6, Pl. XIIl. 
From the point p, with radii equal to the co-fines of 32° 20/, and 
44° 30’, deicribe the aics AB, DE; draw the chord aB=256, and draw 
PA, PB; then will the chord DE be the dift. fought. 


By CoMPUTATION. 


As pa, tle co-f. of lat. from = 22° 20 ©,07317 
To pp, t..e coef. of lat, in = 44 30 985324 
So as, the firft dift. == 256 2,40824 
To pe, the prefent dift. = 216,1 2,33465 


: By the TABLE. 

The merid. diftances to 32° 20’, and 44° 30’ (found by 35) are 50,7 
and 42,8: then the given merid. diftance 256 muluplied by 42,8, and 
the product 105,68 divided by 50,7, the quotient 246,1 is the meridional 
diftance fought. . 


..1 Casz V. Given the diftances between the fame two meridians in 
e:i..ent parallels, and alfo the latitude of one parallel, to find the latitude 


orth. ocher. ; 


bxant. It two fhips in the lat. 44° 30’ N. difant from one another 216 
pices, frould both fail drreéily fouth, until their diftance ts 256 miles ; what 
Ljttuue are they come ta? 


By Construction. Fig. 7. Pl. XIII. 


From P, with a radius of the co-fine of 44° 30’, the lat, failed from, 
defciibe the arc DE; draw the chord DE=216; and through p and E 
draw PA, PB; cont:nue OB till pbF=256; through F draw FB parallel to 
PA, meeting PB IN B; tnen an arc deicribed from P, through B and A, 
wii be the parallel of latitude come to. 


By ComMPUTATION. 


As pe, the firft dift. = 216 7:06554 
To aB, the fecond dift. <== 256 240824 
So pp, the co-f. lat. from = 44 30’ 9:85 324 
To pa, the co-f. Jat. in m= $2 17 992702 


Ue it OE ra 
f 


By the TaBre. 

To lat. 44° 30! find (35) the mer. dift. 42,8 ; this multiplied by 256, 
and the product divided by 216, gives 50,72 ; which (by 36) will be found 
to be the merid. diff. to 32°37’, the latitude fought. 

42. Other 


‘a: ‘a. a = 
a oe 7 teh ee > 2 At hy 7 $4 a eee ee ad 
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42. Other examples to exercife the foregoing cafes. 


Ex. I. What is the diftance between St. Mary’s in lat. 37° 00! N. long.25° - 


00! W. and Cape Henry in lat. 37° 00’ N. long. 76° 23° W? 
As rad. : co-f. lat. 37° 00’: : diff. long. 3083: dift. 2462. 


Ex. II. 4 hip from Cape Clear fails weft 205 miles; what long. is fhe 
come to? 


As co-f. Jat. §1° 18’: radius : : merid. dift. 265 : diff. long. 423,8. 
Anfwer. The prefent longitude is 16” 54’ W. 


Ex. IIT. 4 ip having run due caft for 3 days, at the rate of 5 kuots an 


hour, finds fhe bas altered ber longitude 8° 16'; what parallel of latitude did | 


Soe fasi in? 
As diff. long. 496 : merid. dift. 360: : rad. : co-f. lat. 43° 28’. 


Ex. IV. Suppofe two fhips in the parallel of 47° 54° N. their difference 
of long. being 9 35', foould both fail direétly fouth 83°0 miles; haw far were 
they from each other when they fet out, and alfo after they had run that diftance? 


As rad. : co-f. lat. 497° 54/:: diff. long. 575: firft merid. dift. 385,5m. 
Now 836 miles = 13° 56’3 therefore the Jat. come to is 33° 53’. 
As rad. : co-f, lat. 33° 58’ :: diff. long. 575: laft merid. dit. 4-6,9 me 


Ex. V. What is the a lat. between twa parallels on iff. fides of the 
equator, when, betiveen the fame twa .meridians, the meristuna! sttance in 
ae northern parallel 1s AB=238 miles, in the fouthern parauel is CD=195 
miles, and atthe equator is EQ==352 miles? 


As diff. long. 352: north. mer. dit..238:: rad. : co-f. lat. 47° 297'N. 
As diff. long. 352 : fouth. mer. difts'19:°:: rad. + co-f. lat. 56° 22° 3. 
Then the fum of thefe two latitudes, viz 103 49’, is the diff. iat. fouzat. 


In this figure 8, Pl. XIII. p is the north pole, and s is the fouth 1 'e; 
but the conitruction on one fide of the: equator is fufficient, as is evident 
by drawing ed paral'el to Pg, and de parallel to EQ. 

The difference of longitude and meridional diftances may be confidered 
as tangents to their re{pective arcs, as well as chords. (il. 185) 


Among the natural fcales on the Gunter, are two, which ufed jointly, 
anfwer the end of the forevoing table: thefe are a {cale ..f coords marked 
CH, and a feale of longitude marked AZZ, ftanding ¢lofe to one another 5 
firey are thus ufed: - 

Find the given latitude on the feale of chords, and right againft it, in 
the fcale of longitude, is the divifion expretiing the miles of merid. dif- 
tance in that lat. to one degree of loncitude. 

Thus avainft the chord 60° ftands 30 miles; the chord 50° ftands 
between 38 and39 miles; and fo of the reft, 


O4 SECTION 
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SECTION IV. 
Of Middle Latitude, and Mercator’s failings, 
Of Middle Latitude failing. 


43. Mippie Latirupe satLinG is @ manner of folving the feveral 


cafes of globular failing, by the principles of plane and parallel failing jointly. - 


This method, which is not quite accurate, is fougded on the following 
fuppoiition. ° 


44. The departure is reeksned asa meridional diftance in that latitude, 
which 1s @ middle purallel b.tween the latitude failed from, and the latitude 
° arrives at. 


Now although the arithmetical mean of the co-fines of two diftant lati- 
tudcs is not the co-fine of the arithmetical mean of thefe latitudes ; neither 
is the departure between two places on an ob!ique rhumb equal to the 
diftance between their meridians in a mean latitude; yet wnen the-pa- 
rallels of thofe places are near the equator, or not far diftant from one an- 


other, in any latitude, the crror becomes fo fmall, as not materially ta _ 


affcct the nautical conclufions drawn from the foregoing fuppofition. 


_ This artifice feems to have been invented on account of the eafy manner 

in which the feveral cafes may be refolved by the Traverfe Table, znd 
where « table of meridivnal parts js wanting. The computations depend 
en the folowing rules, 


Ru LE I. 

45. If the piaces are on the fame fide of the equator, Add the latitude 
failcd from to the fa:itude arrived at, and take half the fum for the middle 
Jatitude ; but if they areon different fides, half their difference is the 
yuiddle latitude, 


| Rue II. . 

4% As the co-fine of the middle latitude, \ = ¢, 
" Js to the radius ; : = R. 
o is the departure, = D. 

To the difference of longitude. = t. 

Rute III. 

47. Asthe co-fine of the middle latitude, = ¢ 
Is to the tangent of the courfe ; = 7. 

So is the difference of Jatitude, — 5, 

To the difference of longitude. = Le 


The fecond rule is the fame as the firft rule in parallel failing, which 
ig demonitrated at art, 7. | 
i Demonfiration 


on 
a -— a a 


Pe ae naan - ee eg ON ee 
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Demonftration of the third rule. 


Now co-f. mid. lat. : rad.:: departure: diff, long. | (7) 
Therefore rad. Xdep.=co-f. mid. lat. x diff. long.» Il. 162 
Alfo diff. tat. : depart. :: rad. : tang. courfe. ~  (VIT. 26 
Therefore rad. x dep. =diff. lat. x tang. courfe. (II. 162 

. Confequently co-f. mid, lat. x diff. long. =diff. lat. x t.courfe. (IT. iB 


“Therefore co-f. mid. Jat. : tang. courfe : : diff. lat. : diff. long. (II, 163) 


From rules II. and ITl. arife the following proportians. 
cs; Ri: D: LL | 
i 3D Se OR 4 oe 
Ro oe 2k Le _D, 
Where the letters fignify the names t&y ftand againft in the rules, 


- OF Mercator’s failing. 


48, MERCATOR’S SAILING is the arto refoluinz the feveral cafes of 
Globular failing by Plane Trigonometry, with the affifiance of a table of meré 
dional parts, or of logarithmic tangents. 


Ps & 23 -© = Fs 


The computations herein are performed by the following rules. (1 5) 
49: Ruts. : Therefore 


As merid. diff. lat. = Me Mi: bit: Ré 
To diff. longitude ; ike Ko 2230 a 
So is the radius, = “RE tS SR SE SOM 
To tang. courfe, = T. 
50. Rucell. Therefore 

As the prop. diff. lat. =F. 
To the departure =D, Po: Dt: M ? & 
So mer. diff lat. =™M om: @:: Ps 
To diff. longitude = L. 

Thefe rules are demonftrated at Prop. IV. 

Ie Rute III. Therefore 
As diff. log. tang. 3 co-lats, = G Gi: N :: bs 
To tang of 51° 38’cg”3; = NE ON 3S Gt: Ts kb 
So is a given diff. long. = L. T 5 boi: MN G 
To tang. courfe. =. Tt . 

For the demonttration of this analogy, fee Prop. XIII. (29) 





* The log, tang. of 51° 38’ 09” is 10,10151 5 its ar. Co. is 9,89849. (I. 88) 


‘The decimal part of this log. tang. anfwers alfo to 85° 28’ 37°5 and to 89° 32° 


473 and to B9° 57/17”; their indices being 11, 32, 33: So that at either of 
thefe angles, the diff of longitude will be fhewn by the diff. of the log. tang. of 
the half co-lats. faited from and come unto; obierving that the number of inv 
feger places in ¢ becomes one more, fpr each unit that the index is increafed. 


PRO. 
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PROBLEM I. 


52. Given the latitudes of tulo places : 
Required the meridional diference of latitude hetween thofe places. 


Case I. When both places are on one fide of the equator. 

Rute I, The difference of the meridional parts anfwering to each la- 
titude will give the meridional difference of latitude required. 

Rutz Il. The difference of the log. tangents of the half co-latitudes 
divided by 12,63, will give the meridional diftcrence of latitude required. 


Exam. J. What isthe meridiénal difference of latitude between the ae 
of St. Thomas and Gibraltar ? 








. By the meridional parts. ' By the log. tangents. 
Gibraltar lat. 36° os’ N. Co-lat.53° 55/5 & co-lat.=26° 57! 
St. Thomas’s lat. 00 00 ’ Co-lat.=go 003; 4 co-lat=45 00 

Merid. partsto 36 05 2324| Log.tang. 10,00000 to 45 00 
Merid. parts to 00 00 oooo| Log. tang. 9,70638 to 26 57% 
Merid. diff. lat. 9 = 2324 12,63) 29362(2325 
| s 4102 
3130 
6o40 





Exam. Il. What is the meridional di furence of latitude between the Li- 
zard and Cape Verd? 


By the meridional parts. By the log. tangents. 
C. Verd’s lat. 14° 47’N, Co-lat.75° 13°; 4:co-lat.=37° 365" 
Lizard’s lat. 49 57 N. Co-lat.=40 033 $co-lat.=20 o1f¢ 
Merid. partsto 49 57 3470| Log. tang. 9.88668 to 37 365 
Merid. partsto 14 47 897| Log.tang. 9,56166to 20 of} 
Merid. diff. lat. , =. 2573]. 12,63) 32502(2573—=m.p. 





53» Case II. When the given places are on different fides of the 
equator. 

Rute |. The fum of the meridional parts anfwering to each latitude 
will be the meridional difference of latitude required. 

‘Rue II. The fum of the log. co-tangents, abating the index, of the 
half co-latitudes, divided by 12,63, will be the meridional difference of 
latitude required. 

Exam What is the meridional difference of latitude between Cape Verd, 
and the Ifland of St. Helena ? 


By the meridional parts. ~ ~ By the log. tangents. — 
C. Verd’s lat. 14° 47°N. Co-lat.==75° 135 4 co-lat.237° 365 
St. Helena 1§ 55 S. Co-lat.=74 053 34 co-lat.==37 o2% 
Menid. partsto 35 55 968] Log.co-t. 0,11332 10 37 36% 
Merid. partsto 14 47 897| Log.co-t, 0,12223t0 37 O25 
Mernid. diff. lateto =. 1865] 12,63) 23555(1865—=m.p. 
| PRO- 





~ 
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PROBLEM I. 
54- Given the lat. of one place, and the merid. dtff. lat. between that and 


another place: 


Required the latitude of the other place. 


Case I, When the given lat. and mer. diff. lat. have like names. 

Rute I. To the merid. parts of the given lat. add the given meridi- 
onal diff. lat.; feek the fum in the table of meridional parts, and the cor- 
as Sa degrees and minutes give the latitude fought. 

Ruve ll. Multiply the given merid. diff. lat. by 12,63; fubtraé the 
produdt, rejecting all to the right of the 5th decimal place *, from the log. 
taug. of the given half-co lat.; feek the degrees to the remainder among 
the log. tang. and thefe deg. doubled give the co-lat. required. 


Exam. A foip from the lat. 14° 43 N. fails northward till fhe finds her 
merid, diff lat. 1s 2578; what latitude is fhe come to? 


By meridional parts, _ By log. tangent. 
To the lat. 14° 43’ N. The co-lat. is 75° 17’; 4 co-lat. 37° 38”. 
The mer. parts == 893N. And 2578 multiplied by 12,63, gives 
Add mer. diff. lat. == 2578 N. 32560, 14. 
—_— From 9,88707 = log. tang. 37° 38 
The fum is = 3471 Take 0,32560 


Which anfwers to 49° 58’ N. 


Leaves 9,56147==log. tang. 20° 01". 
. The latitude fought, 





Which doubled is 40° 02’. 
Whofe comp. is 49 58==Iat. fought. 

55. Case II. When the given lat. and meridional diff, lat. have une 
like names. : 

Ruce I. Take the difference between the meridional parts of the given 
Jatitude and the meridional diff. lat. the remainder found in the table of 
meridional parts will give the latitude fought. 

Rute II. Multiply the given meridional diff. lat. by 12,63; add the 
product to the log tan. of the given half co latitude, the degrees anfwer- 
ing to the fum, confidered as a tangent, being doubled, gives the co-lati- 
tude required. 


Exam. 4 fhip from the latitude 49° 57! N. fails fouthward till her mea 
vidional diff. lat. is 2578; what latitude 15 foe come to? 


By meridional parts. By log. tangents. 
To the lat. 49° 57’ N. Cu-lat. 40° 03’; 4 co-lat. 20° or’. 
The merid. parts = 3470 N. | And 2578 X 12,63==32560,14." 
Subt. merid. diff. lat. = 2578S. |To 9,56:46=log. tang. 20° o1e 





_— Add 0,32560 
Remain merid. parts 892 ———— 

os Sum 9,88706=-log. tang. 37° o1’. 
Which aafwers to 14° 42’ N. 
The latitude come to. Which doubled ts 75° 16”. 


Whofe comp, is 14 44==Iat. 
| ne a | 


© That is, rejecting all below the number of places in the tables ufed. 
' PRO. 


4 


4 
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PROBLEM III. 
56. Given the latitudes and longitudes of two places - 
Required their bearing and diftance. 


Exam. [Vhat 1s the courfe and diftance from Cape Clear in Ireland, to the | 
iffland of St. Mary, one of the Azores ? 


By Mippre Laritupbe SAILING. 


e 


€. Clear’s lat. 51° 18’ N. Long. g° 50’ W. 
St. Mary’s lat. 37. oo N. Long. a5 oo W. 
Diff. lat. 4 1%==858 m. Diff. long. 15 10=9I0 Mm. 





Sum of the lat. 88 18 ; Midd. lat. 44° 09; Co-mid. lat. 45° 51°. 
By ConstrucTion. Fig. g. Plate XUL 


Draw the meridian ap; defcribe the quadrant A m p with the fine of 
go°, and the arc EF with the co-fine of the middle [atitude. Make the 
chord me equal to g10, the diff. longitude ; draw AB cutting the arc EF & 


im ¥F, and draw the chord Er. Made ap equal to 858, the diff. lat. draw 


pe parallel to A p and equal to EF: and draw Ac. 
‘Fhen Ac is the diftance, and the angle pac is the courfe. 


By CoMPUTATION. 





For the Courfe. For the Diflance. 
e Sb. 2-64. te (47)\fin. Zc : aD ts R ?: ac. 
As diff. lat. === 838  7,06651) As co-f. cour. == 37° 16" 0,09918 
‘Fo dif. long. == 910 2,95g04} ‘Toditt. lat. == 858 2393349 
So co-f. m. lat. = 44°09’ 9.85583} Sorad. = go° 00 10,00000 
To tang. cour. = 37 16 9,88138] Todift. = 1078 3103207 


By thee TRAVERSE TABLE. 


1ft. With the co-mid. lat. found among the degrees, and the diff. lon- 
gitude, or fome part of it (if the whole is too large), taken among the 
diftances, find the departure, or fome part of it, in its column: 

Obferving to multiply this depart. by the fame number the diff. longt- 
fude was divided by. 

ad. With the diff. lat. and dep. together, or their I:ke parts, find the 
courfe among the degrees, and the diftance in its column. 

Let the diff. long. g10 be broken into parts 3 wiz. into 100 taken nine 
times, and into 10: And as the co-mid. lat. is 45° 51’, or 45°53 procecd 
thus: 

The departures to rce0, in the columns of 45° and 46°, are 70,7 and 
71,9; the diff. is 1,23 3 parts thercof is, 1,0; which added to 70,7 makes 
71,73 for the dep. to 1003 and for goo it will be 645,3. Allo, the de-~ 
partures to 10 in the columns of 45° and 46°, are 7,07 and 7,19; & of 
sheir diff. 1,0, and this with 7,07 makes 7,17 the dep. to 10; and the 
whole dep.—652, 9. | 
- Now take ~% of the diff. lat, 858, and of the dep. 65,25, viz. 42,9 and 
32,62, thefe will be found together under 37° 15/ for the courfe ; and 

| | ‘between 








.— 


ere 
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between 53 and §4 dift.; fuppofe 53.93 which taken 20 times gives 
1078 for the diftance. . 








57: By MERCATOR’sS SAILING. 
C. Clear long. g° so W. } Lat. 51° 18° | Mer. parts 3597 
St. Mary’s long. 25 oo W. | Lat. 37. 00 | Mer. parts 2393 
Diff. long. ‘ 15 10 





Dif. lat. 14 18 _ diff. lat. 1204 





Or g10 miles. Or 858 miles. 


By Construction. Fig. 17. Plate XIII. 


Draw the meridian as, and defcribe the quadrant A mp; make AD 
=858, the proper diff. lat. and AB==1204, the meridional diff. lat. 
draw DC, BE, parallel to a ps make BE equal to 910, the diff. long. and 
draw AE. 

Then a is the place of Cape Clear, c that of St. Mary’s; Ac is the 
diftance, cp the departure, and the angle Dac is the courfe. 


ComMPuTATION by Meridional Parts. 
For the Courfe. For the Diftance. 
Mi: L i: R : T (49) fin.2Z2c : AD i: R : ACs 
As mer. d. lat. = 1204 6,91937|As co-f, cour. == 37°05" 0,09813 





Todiff. Jong. == 910 2,95904| To prop. d. lat. = 858 2,93349 
So rad. = 45°00’ = 10,00000| So rad. = 90° 00’ =10,00000 
To tan. cour. = 37. 95 g 87841|To dift. = 1076 3,03162 





ComMPUTATION by Logarithmic Tangents. 
C. Clear’s lat. 51° 18° Co-lat. 38° 42’, 1 co-lat, 19° 21’6 





St. Mary’s lat. 37 00 Co-lat. 53 00. i co-lat. 26 30. 
To } co-lat. 26° 30%, its log. tang. = 9.69774 
To } co-lat. 19 21, its lop. tang. = 954552 
Ditterence = 1522,2==G. 
For the Courfe. For the Diftunce. 
4 : We aig ee ee ee 6 io!) The diftance will be the famg as 
Ts. rae 901759 in the former computation; for the 
ON 10,1015 1 | 


2.95904 lif’ of a min. in the courfe will not 
_7?7_* \caufe a diff, of a mile in the diftance 


To tang. cour, 37° 04’ 9.87814 i0f the two places. 


Gee ee 


So diff, long. g10 


By the TRAVERSE TABLE. 


Seek the meridional diff. Jat. and diff. Jong. together, as if they were 
diff. Jat. and departure, and the courfe is given among the degrees. 
~ Then with the courfe and proper diff. lat. find the diftance. 
Thus taking ,',th of 1204 and gI0, wz. 60,2 and 45,5; they will be 
found together under 37° 00% for the courfe. 
And taking jth of the diff. lat. 858, viz. 42,9, and the courfe 37° 0’, 
gives about 53,8 for the dift. which taken 20 times gives 1076 dift. 
; PRO- 


eo 
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PROBLEM IV. 


58. Given the bearing and latitudes of two places. 
Required the diftance and difference of longitude. 


Exam. 4 fhip which had taken her departure from a place in latitude 
37° oc! N. longitude 22° 56’ W, fleers N. 33° 19 E.3 and cloudy weather 
coming on, fhe got no obfervation tll eight days after, and then found herfelf 
in latitude 51° 18' N.: Required ber true diflance and prefent longitude. — 


By MippLeE LATITUDE SAILING. 








Depart. lat. 37° 00’ N. Sum of the latitudes $8® 187 
Prefent lat. 51 18 N. . 
———— Mid. lat. 44 09 
Diff, lat. 14 18-858 m. pecan ms 
Co. mid. lat. 45s! 





By Construction. Fig. 10. Plate XIII. 


Draw the meridian ap==858, the diff. lat. defcribe the quadrant Am p 5 
‘make m ¢ equal to 33° 19’, the courfe: draw Dc parallel to a p meeting 
the-rhumb ac, drawn through ¢c, in mc: with the fine of the co-mid. lat. 
45° 51’, defcribe the arc EF, in which apply the departure pc, from E to 
F: draw AB through F, and drawthe chord mB. 

. Thenis ac the diftance run, and m 8 the diff. longitude. 


By CoMPUTATION. 





For the diftance. For the diff. longitude. 
fin.Zc : AD +: Ri: AC. 6. 22° 2 ee. 147) 
As co-!. cour. == 33° 19 0,07798) As co-f. m. lat. = 44° 09 0,14417 
To diff. lat. == 858 2,93349|To tang. cour. = 33 19 9,81776 
So rad. == go? ce’ ~—=10,c0000]| So diff. lat. == 858 2293349 
To dift. == 1027 3,01147| To diff. long. = 786 2,89542 


Now 22° 56’ W. = Dep. long. 
G60)786(13 06 E. = Diff. long. 





g so W. = Pref. long. 





By the TRAVERSE TABLE. 


rft. With the courfe among the degrees, and the diff. lat. in its proper 
column, find the departure and diftance, in their columns. : 

od. With the co-mid. lat. among the degrees, and the departure in its 
column, find the diff, long. among the diftances. 

‘Thus taking the ,', of diff. lat. 858, viz. 42,93 with it, and the courfe 
331°, the departure will be found 28,1, and the dift. 51,35 each being 
multiplied by 20, gives 562 for the departure, and 1026 for the diftance. 

The co-mid. lat. 45° 51’, or 453 degrees, and 28,1==,', of the depar- 
ture, will give 39,5 in the column of diftances ; which being multiplied 
by 20, gives 790 for the difference of longitude. 


59. By 





— i —_— =e 





— ee a re a, 
a = 
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59. By MERCATOR’s SAILING. 
Departed lat. 37° oo N. Mer. parts 2393 
Prefent lat. git 18 N. Mer. parts _ 3597 
Diff. lat. 44 18 == 858 m. Mer. diff. lat. 1204 


Construction, Fig. 18. Plate XIII. . 

Draw a meridian AB, in which take AB=1204, the mer. diff. lat. and 
AD= 858, the proper diff. lat. Defcribe the quadrant a m p, and take 
mc = 33° 19’, the courfe: through B and p, draw BE, DC, parallel to a py 
meeting the rhumb drawn through A and ¢, in the points BE, C. 

Then is-ac the diftance, and Bg the diff. longitude. 


CoMPUTATION by Meridional Parts: 


For the diftance. For the diff. longitude. 
fin. 2 DCA : AB:: R: AC. Rot: Toit M i: w. (49) 
As co-f, cour. == 33° 19 0,07798| As rad. == 90° 00’ ~=10,00000 
To diff. lat. == 858 2,93349| To tang. cour. == 33 19 9,81776 
So radius = g0° 00° = 10,00000| So m. diff. lat. = 


1204 3,08063 
Todift{ © == 1027 3.01149 To diff. long. == 791,4 | 2,89839 


- Now if from 22° 56’ W. = Dep. long. 
There be taken 60)791 (13 11 E. = Diff. long. 





Then 9 45 W.= Pref. long. 





ComMPUTATION by Logarithmic Tangents. 
Departed lat. 37° od’ N. Co-lat. 53° oo $ co-lar. 26° 30%. 
Prefent lat. 51 18 N. Co-lat. 38 42 fT co-lat. 19° 22. 


To £ co-lat. 26° 30’, its log, tang. = 9,69774 





To 2 co-lat. 19 21, its log. tang. 9954552 
Difference = 1522,2==c, 
For the diftance. For the diff. longitude. 
fin. ZDCA : AB:: Ri: AC. N : Gi: T : ke (51) 
Asn == 9.89849 
.| Toc == 1522 3.18248 
The diftance is found as above. So tang. cour. = 33°19 9.81776 





To diff. long. == 791,8  2,89866 


By the TRAVERSE TABLE. 

With the courfe among the degrees, and the diff. lat. found in the co~ 
lumn of lat. find the diftance in its column. . 

With the courfe among the degrees, and the mer. diff, lat. in the co- 
lumn of lat. find the correfponding dep. and take it for the diff. long. 

Now oth of 858, the diff. lat. andof 1204, the mer. diff. lat. are 
42,9 and 60,2. Then, under 33° 15’, the diff. lat. 42,9 falls between 51 
and 52 in the diftances, take it 51,5 ; which multiplied by 20 gives 1030 
for the diftance. | 

And under 33° 15/, the mer. diff. lat. falls againft 39,48 of departure, 


PRO- 


‘which multiplied by 20 gives 789,6 for the diff. longitude. 


/ 


ado_CO€~. «=29GLOBULAR SAILING Book VII. 
PROBLEM VV. 


60. Given one latitude, courfe.and diftance: 
Required the other latitude and diff. longitude. 


Exam. 4 fhip takes her departure from a place in lat. 51° 18’ N. long. 
50° W.; and fleers §. 33° 03 W. fil foe has run 1024 miles: Required 
ex prefent latitude and longitude. 


. 


By Mippie LaTtTitTupE SAILING. 


By Construction. Fig. 11. Plate XIII. 


Draw a meridian AD, and defcribe the quadrant A mp; make the arc 
mc = 30° 08%, the courfe: in the rhumb drawn through c, take Ac=1024, 
the dittance: draw CD parallel to A p, meeting AD in D, 


By CoMPUTATION. 








For the diff. latitude. Now 51° 18° N. = Dep. Iat. 
R:AC i: fin.Zc : AD. 60)857(14 17 S. = Diff. lat. 
As rad. == 9gu° 00" =10,00000 
To dift. <== 1024 3,01030 37 ox N. = Pref, lat. 
So coef. cour. =: © 8” 2922 a a 
, 2 a sl 88 19 == Sum of the lats, 
To diff. lay. = 857, 259332 ——— 
For the diff: longitude. —— 
Asc : Ti: PioL 45 51 = Co-m. lat. 


-f. m. lat. == 44° 09’ 31441 See Tee : 
aa ae ae wy ee pipe ‘Then in the are EF, defcribed 
So diff. lat. == 857,5 ~~ 2,99323}with the fin. co-mid: lat. 495° sr’. 
——jlapply cp from E to F: through F 
To diff. long. == 780,1 2,89213|draw AB, Cutting the arc mcp in B; 
. —~ithen, mB being drawn, will be the 

Now 9° 50: W. = Dep. long. | diff. long. fought. 
60) 780 (13 oo W.= Diff. long. 











22 so W.= Pref. long. 
“Gwenn 


By the TRAVERSE TABLE. 


With the courfe found among the degrees, and the diftance in its co- 
lumn, find the dep. and’ diff, lat.; and hence find the other lat. 
Seek the co-mid. lat. among the degrees, and the dep. in its column, 
then the correfponding dift. is the diff. long. fought. 
Thus. Under the courfe 33° 15’, and againft the dift. 51,2, which is 
the 20th part of 1024, ftands lat. 42,7; dep. 28. 
“Then 42,7 X 202554 m.=s4° 14%, the diff. lat. : 
- Hence the pref. lat. is 37° 04’ N.; and the co-mid. lat. 45° 49’. 
Again. Over the degrees 45° 40’, the neareft dep. to 28 ftands againft 
39 in the diftances. . 
Then 39 x 20=780 m, the diff. longitude. 


61. By 
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By MERCATOR’S SAILING. _ 
61. Construction. Fig. 19. Plate XIII, 


Draw the meridian ag, defcribe the quadrant'a mp; make the arc 
m ¢==33° 08’, the courfe. In the rhumb ac drawn through ¢, take 
AC=1024 miles, the dift.; and draw cp parallel to a ~, - 

CompPuTATION by Meridjonal Parts. 
For the diff. latitude. Now 51°18’/N. = Dep. lat. 

As rad.: ac:: fit. 2c: ap. |60) 857 (14 17 SS. = Diff. lat. 











As rad. <= g0°00’ 10,00000 

To ditt. = ion 3.01030] 37 01 N. = Pref. lat. 
So co-f. cour, = 33°08’ 9.92293 : 

To 51° 18° merid. parts £2 36597 
To pro. diff. lat. == 857,5 ~ 2:93323| ‘F037 O1 merid. parts == 2394 
For the diff. longitude. Merid. diff. lat. = 1203 
Ase : T 2: M: kL | — 

As rad. go* 00’ 10,00000 


33 08 9,81473| Make an=1203; through 8 draw 
1203  3,08026}8E parallel to A p, meeting Ac con= 

—— ——— |tinued in £; then 25 is the diff. 
785.2 2489499 longitude, 


To tang. cour. 
So mer. d, lat. 


To diff. long. 


Now g*50°W. = Dep. long. 
60)785(13 05 W. == Dif. long. 
azg5 W. = Pref. long. 

Computation by Logarithmic Tangents. 
‘The diff, lat, and prefent lat. being found as above. 

Dep. lat. 51° 18. Co-lat. 38° 42’, ¢ co-lat. 3g? ar. 

_Pref.lat. = 37 01 = Co-lat. = 52, 59. 4 co-lat. 26 20% 

oico-lat. 26° 29%’, itslog. tang. = 969758 

‘To ico-lat. 19 21, its log. tang. = 9154552 


Aol 































Difference = 1520.66, 

- ASN o T L. ‘Now 9° 5o’W. = Dep. long. 
Ae N se 989849150) 786(13 05 -W. == Duiif. long. 
Toc => 152! 3,182) ———— os 
So tan. cour. = 33°08" - 9.81473 2256W = Pref. long. 
To diff. dong. = 785.9 2,895 35 _ 





By the TRAVARSE TASLE. . 
With the courfe and diftance, find the diff. Jatitude. 
From thence find the prefent lat. and the mer. diff. latitude. 
With the courfe, and the mer, diff. lat, taken in the column of lat. 
find the correfponding dep. which will be the diff. longitude. — | 
' “Thus goth of the En. 1024 is §1,2. “Then under the courfe 33° 15’, 
againtt §1,2 among the diftances, {tands 42,7 in co}. of lat. And 42,7 x 20 
gives 854; fo the diff. lat. is 14° 14°; the prefent lat. is 37° 04’ N. and 
the mer. diff. lat. is.1200; <th of which is 60,0. 
To the courfe.33° 15’, againft lat. 60,0, or its neareft 60,21, ftands 30,48 > 
which multiplied by 20 gives 789,6 for 7 diff. long. required. 


Vor. I. PRO. 
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PROBLEM VI. 
62. Given the latitudes of two places, and their diftance : 
Required their bearing, and difference of longitude. _ 
Exam. A fhip in lat. §1° 18’ N. long. 22° 06'IV,, is bound to a place in the 
E. quarter, diftant 1024 miles, and in lat. 37° 00' N.: what is her dire 
courfe, and how much muff foe alter her long. to arrive at the defred port? 
By Mippvre LATITUDE SAILING. 


Lat. from 51° 18’N. Sum of the latitudes 88° 18° 
Lat. to 37. o0N. Senter 
: ae Middle latitude 44 99 
. Dif, lat. 14 18 == 858 miles. —_—— 
. ee) Co-middle latitude 45 51 





By Construction. Fig. 12. Plate XIII. | 
Draw the meridian ap=858 miles ; defcribe the quadrant a mp: from 
A, with 1024 miles, the given diftance, cut pc, drawn parallel to ap, 
“inc; draw ac. In the arc Er, defcribed with the fine of 45° 51’, the 
co-middle lat., apply the departure pc from E£ to F; through F draw aB, 
‘and draw the chord Bm. 
Then the courfe is meafured by the arc mc; and the diff, long. by the 
line ” Be 
| By CoMPUTATION. 


For the cour fee For the diff. longitude. 

AC: rad, : : AD: fin. ZC. C300 2 Pe es 
As dift. == 1024 6,98970]As co-f. m. lat. = 44°09 = 0,144.17 
To rad. = 90°00’ ~= 10, o00ce/To tan. cour. == 33 05 9.81390 
So diff, Jat. == 858 ——-2,93349/S0 diff, lat. = = 858 293349 


To co-f. cour. == 33° 05° 9:93319|Lo diff. long. == 779 2,89156 


| Now 22°06’ W. == Long. from. 
Courfe SE. b. S, nearly. )779(12 59 E. = Diff. long. - 








g o7 W. = Pref. long. 
By the TRAVERSE TABLE. r 
With the diftance and diff. lat. in their columns, find the courfe among 
the degrees, and the dep. in its column. : _ 
With the co-middle lat. among the degrees, and the dep. in its column, 
find the diff. long. among the diftances: r= 


Thus. To the dift. 64 (="3): and the lat. 53:62 (= 
I ; 


the courfe is 33° 00’; and the dep. 34,86. — 
The co- mit. Jat. 46° (the neareft to 45° 51’), the dep. 34,86 (falling be- 
tween 34,53 and 35,24, belonging to the diftance 48 and 49), gives 48,5 
in the col. of diftances; which mult. by 16 gives 776 for the diff. long, 
Note. +'zth of the numbers was taken rather than ;'sth, becaufe 16 di- 
vides 1524 without a fraCtion ; and it is more conyenient to feck a dift. in 
yrole numbers, than with a fraction annexed, : 


é 


- 


of 





i 
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63. By MERCATOR’S SAILING. 
Lat. from 51° 18°N. ~-  -[ Mer. parts == 3597 
Lat. to ..37, o0 N. Mer. parts = 2393 » 
Diff. lat. 14 18==858 m. Mer. diff, lat. = 1204 





By ConstTRucTIoNn. Fig. 20. Plate XIII. 

In the meridian as, take aB—=1204, the meridional diff, lat. and 
Ap=858, the proper diff. lat. ; defcribe the quadrant a m p; from A, with 
the diftance 1024, cut pc, drawn parallel to ap, in c; draw ac, and 
continue it until it meets BE, drawn parallel to a p in E. : 

Then se =diff. long. and arc m ¢ meafures the courfe. . 


CompPuTATION by Meridional Parts. 


For the courfe. a, for the diff. longitude. 
ac: rad, :: ap: f. Lacp. Rau : Toi: M : L 
As dift. == 1024 6,98970}As rad. “ == 90°00" — 10,00000 
To rad == 90°00" To tang. cour. = 33 05 9.81390 


So p. dif. lat. = 858 . 





So m. diff. lat. == 1204 308063 





To co-f, cour. == 33°03’ -992319)T 0 diff. long. = 784,4 289453 
7 ; aaa aca a) 

| Now 22° 06’ W. == Long. from. 
Courfe SE. by S. nearly. 60)784(13 o4¢ E. = Diff. long. 


Depart. lat. 951° 18". © Co-lat. 38° 42’. # co-lat. 19°21’, 
Lat. bound to 37 ©o. . Co-lat. 53 00. 2 co-lat..26 30. 
Toi co-lat. 26°30, itslog. tang. = 969774 

Tos co-lat, 19 21, itslog.tang. = 9454552 











Difference <= 1522,2 = G, 
Fir the cour fe. : For the diff. longitude. 
ac ; rad. :: AD: f, ZACD. N 2: Gi: T 3: ° 
| As N = 989849 
Toc == 1522 31824 ¢ 


Foutfe is S. 33°05’ E. as above. |So tan. cour. == 33°05° 9,81 390 
. To diff. long. = 784.9 2,89489 


a3 _ By the TraveERsE TaABLe. . 

With the diftance and diff. lat. in their columns, find the courfe among - 
‘the degrees. : 

With the courfe among the degrees, and the meridional diff, Jat. in the 
celumn of latitude, find the diff. long. in the column of departure, 

Fhe courfe, found as before, is 33° 00’. | | 

And yeth of the meridional diff. lat. viz. 60,2 found under 33° in the 
column of latitude, the neareft correfponding departure is 39.23 5 which 
‘soultiplied by 20 gives 784,2 for the a longitade, 

| 2 PRO- 


f 


— 


1 
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PROBLEM VIL. 
64. Given’ the latitudes of two places, and the departure : 
Required the courfe, diftance, and difference of longitude. 
Exam. 4 fbip from the latitude 37° 60! N., longitude 48° 20’ W., fails 
between the N. and E., and being come to the latitude 51° 18'N., finds soe 
has made 564 miles of departure: what was her direc? cour fe, diflance run, 
and prefent longitude ? ; | 
By Mippre Laritrubé SAILING 
Prefent lat. 51° 18°N. Sum of the latitudes 88° 18° 





Departed lat. 37 oo N. = 
Mid. lat. 44 09 

Diff, nt. 14 18=:858 m. —— 
——, Co-mid. lat. : 45 51 


| By Construction. Fig. 13. Plate XIII. 

In a meridian line, take Aap==858 m., the diff, lat. Defcribe the qua- 
drant A m p, and parallel to a p draw pc=5§64 m. the departure ; alfo 
draw the diftance ac; in the arc EF, defcribed with the fine of the co- 
mid, fat. 45° 51’, apply the chord EF equal to pc; through & draw AB; 


then the chord mm B will be the diff. long., and the arc mc meafures the 
courte. 





| By ComPruTATION, 
Zo find the courfe. To find the diftance: 
4D: pC:: rdd.it £pac. {[Sin.ZDAc : pc :: rad. = Ac. 
As diff. lat. =< 858 7,06651}As fin. cour, <= 33°19  0,26022 
Todepart. = 564 2,75128;/Todepart. = 564. 2,75 528 
Bo rad. ‘= 90° Ge = 10,0c000}S0 rad. == go° 00’ ~=_: 10,00000 - 
To tang. cour. == 33 19 98177970 dit. = == 10297 3,01150 








To find the diff. longitude. 





ec: R 2: Di LL Orc : Tous os L. 
Asco-f.m. lat. == 44°09  0,14417| Now 48° 20’ W. = Dep. long. 
Torad. | = 90 00 _ 10,c0000}60)785(13 06 Eg = if long. 
Go depart. = 564 2,75128 —— 
De 35 14. W. = Pref. long. 
To diff. long. == 786 2,8954 ——— 
: ae ; ee Courfe NE. b. N. nearly. 


a By the TRAVERSE TABLE. 
The diff, lati and departure being’ found together, will give the coprée 
among the degrees, and the diftance in its column, oe 
ith the co-mid. lat. among the degrees, and the departure in its eg» 


‘eo 


lumn, find the diff. longitude among the diftances. © . 

Now ;th of 858, the diff..Jat.. and ‘of 564, the dep., are ‘4239 -and 

28,2. The neareit numbers to tkefe are found togethér under the courle 
33° 30 and to the diftance §1,2; which, multiplied by ‘20, gives 1624. 

Alfo the departure 28,2 being found to the co-mid. latitude 46°, ‘gives 

39:2 5 which multiplied by 20 givés 784 for the diff. longitude. 


65. By 





a = . 


[ ee ee a eee = ee ee eee ee 
j s 


| So mer. diff. lat. — 1204 
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65. By MercaTor’s SAILING. 
Prefent lat. 51° 18’ N. Mer, parts 3597 

- Departed lat. . 37 oo N. Mer. parts 2393. 
Dif. lat. 14 18=858m. {Mer diff. lat. 1204 


anata, 


By ConstrocTion. Fig. ar. Plate XIII. 
In a meridian line take AB==1204 m., the meridional diff. lat.; and 
AD=858 in., the prop. diff. lat. Defcribe the quadrant a mp; through 
p draw pc parallel to a p, and make pc=564 m., the dep. Through 
Cc, draw AE meeting BE, drawn parallel to a p. a 
Then is ac the diftance, Be the diff. longitude; and the arc mc meae 
fures the courfe. : | | | 


COMPUTATION by Meridional Parts. 





For the courfe. : For the diflance. 

AD : DC@w: rad. : t ZDAC. Sin. ZDAC : DC: : rad.: AC. 
As diff. lat. = 858, 7,06651/As fin. cour, == 33°19’ 0,26c22 
To depart. = 564 2,75128!To depart. = 564 2.75128 
So rad. == 90°00’ 10,00000!5S0 rad. == go%00’ 10,c0000 
To tang. cour. ==.33 19 9,81779\To dif. == 1027 301150 


For the diff. long. P:p::M:L Orr: Ti:M: Lb : 
As prop. dif. las. =* 858  7,06651} Naw 48°20" W. == Dep. long. 
Todepart. © =2 564  2,75128160)791(13 11 E. <== Diff, long. 
3,0806 3 







35 09 W. = Pref, long. 


Courfe NE. b. N. nearly. 
ComMPUTATION by Logarithmic Tangents. 

Departed lat. 37° oO’ N. Co-lat, 53° 00%.  $co-lat. 26° 30%, 

Prefent lat. 51 18 N. Co-lat. - 38 42. } co-lat. 19 21. 


To diff, long. == 79155 


To 2 co-lat. 26° 30’, its log. tang. =< 969774 

To <co-lat. 19 21, its log. tang. = 9154552 

‘ eee ED 
Difference =< 1522,2 == G. 





| 


For the diff. longitude, 





The courfe and diftance are found N ¢ 6G £2 mp 2 2 
as above. As N = 9:89849 
|Toc. . == 1522 3.18244 
* 1So tang. cour, == 33°19° 9,81776. 
{To diff. long. == 791.9 | 2,89866 





By the Traverse Taser. 
The gourfe, found as before, is 33? 30’; under which, againft 60,4 
(=-7cth of the mer. diff. Jat.) in the column of latitude, ftands 39,74 in 


the column of departurg. Then 39,74 x 20=794,8, the diff. longitude. 


3 PRO. 


- _ 
- 
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PROBLEM VIIL. 
66. Given one latitude, the courfe, and departure : | 
Required the other Jatitude, diftance, and diff. longitude. 
Exam. 4 jbip from the latitude 51° 18' N., longitude g° 50' W., fails 
5S. 33° 19'W., until her departure is 564 miles; required ber prefent lati- 
tude, longitude, and diffance. 
By Mippre LatitubDe SAILING. 
, ConsTrRucTion. Fig. 14. Plate XIII. 
Draw a meridian line ap; defcribe the quadrant A mp; make aa=. 
564, the departure, and the arc mc= 33° 19’, the courfe; through ¢ draw 


the rhumb ac meeting ac, drawn parallel to AD, in c; and draw cp 
parallel to A p. : 


ss 


By CoMPUTATION. 


For the diff. latitude. Now 51°18°N. = Dep. lat. 
Sin.Z pac: cp :: fin. Zacp : av.60)858(14 18 S. = Daf. lat. 
As fin. cour, == 33° 19° 0,26022 
To depart. == 564 2,75128 37 00 N. = Prefent lat. 
So cof. cour. == 33° 19° 992202 








, 88 18 === Sum of the lat. 
To diff, lat. == 858 2; 2 ——s 
| ? bee 44.09. == Middle lat. 








> 


551 == Co-m. lat. 


| 


oo 


_ Then in the arc EF, defcribed with the fine of 45° 51’, apply cp from. 
E to F; through F draw aB; and draw the diff. longitude B m. 








To find the diftance. To find the diff. longitude. 
Sin. 2 Dac : CD :: rad. : ac. Asc : rad. 3: D !: Lb. 
As fin. courfe == 33°19° —0,26022]As cof. mid. lat. == 44°09 0,14417 
To departure == 564 2.75128) 1'o rad. = 90 00 10,00000 
So rad. == 90°00" 10,00000]So departure == 564 2,75128 
To diftance = 1027 3,0115c/To diff. long. == 786 2,89545 
: Sewer ; ‘cciuhciiilamcieinamasig 


Now 9° 50’ W. = Dep. long. 
60)736(13 06 W. = Diff. long. 





22 56 W. ==: Prefent long. 





By the TRAvERs#® TABLE. 


With the courfe 33° 15’ (the neareft to 33° 19°) and the departure 
28,2 (xsoth of 564) in its column, find the diff, of lat. (42,53) in the 
column of latitude, and in the column of diftance find the diftance 51,2. 

Then 42,53 %20=85°,6; and 51,2 X 201024. 

Hence the prefent lat. is 37° 07’ N., and the co-mid. Jat. 45° 48’. 

‘The co-mid. lat..45° 40’ and departure 28,2 gives 30,2 in the column 

of diftances, which multiplied by 20 gives 784, for the diff. of longitude. 


67. By 
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67. By MERCATOR’s SAILING. 
By ConsTRUCTION. Fig. 22. Plate XIII. 

Draw a meridian line AaB; defcribe the quadrant aA mp; make aa 
=564, and the arc mc=33° 19’; draw ae parallel to AB meeting the 
rhumb Ac, drawn through c, in c; ard draw the departure cp parallel 
to A p. | 

f CoMPUTATION by Meridisnal Parts. 


For the diff. latitude. -Now 51° 18'N. == Dep. lat. 
Sin 2Dac:cp:: fin. Zpca: apn. |60)858(14 18S. === CD iff, lat 
As fin. cour. == 33°19 0,26022 "37 Oo N. <=: _ Pref. lat. 
To depart.. == 564 To 51° 18’ merid. parts 3598 


Soco-f. cour. = 33° 19° 


To 37 oo merid. parts == 2394 | 





Merid. diff. lat. == 1204 
Then make ag=1204; draw BE parallel to a p, meeting, AC conti- 
nued, in £; and BE is the diff. of longitude. 











To find the diftance. To find the diff. longitude. 
As fin. Zdac : DC :: rad. : ac. Po: D $$: M : Le 
As fin. cour. == 33° 19’ 0,26022/As p. diff. lat. = oy 7,0665% 
To depart. == 564 2375 128|To depart. == 564 2.75128 
-So rad. == go° 00’ 10,00000'S0 mer. diff. lat. == 1204 3,08063 
To diftance = 1027 3,01150/To diff. long. = 791.4 2,89842 
Now 9° 50’ W. == Dep. long. 
60)791(13 11 W. == Diff. long. 
23 01 W. == Pref. long, _ 
ComPpuTaATion by Logarithmic Tangents. 
Find the diff. laticude and prefent latitude as above. ° 
“Then, Dep. lat. 51° 18’. Co-lat. 38° 42’. % co-lat. 19° 21’. 


Pref. lat. 37 ©0. Co-lat, 53 00. . ¢co-lat. 36 jo. 
To 2 co-lat. 26° 30’, its log. tang. 1s == 9,69774 
To = co-lat. 19 21, its log. tang.is == 9.54552 








Difference == 1522,2==G, 


To find the diff. longitude, Ml i Go t3'T 3. kk 
As N = 9.8984 ; 
Toc = 1522 318241] The diftance and prefent longie 


So tang, cour, 33°19 «=: 9,8 17 76tkude may be found as above. 


To dif. long. == 791,8 2,89866 


By the TRAVERSE TABLE. 
Find, as before, the diff. lat. 851 ; and the diftance = 1024. : 
Then the prefent lat. is 37°07’N.; and the mer. diff, lat. is 1197, 
yisth of which is 59,85. an 
Now under the courfe 33° 15’, and againft 60,21, the neareft to 59,89 
in the column of latitude, ftands in the column of dep, 39,48; which, 
multiplied by 20, gives 789,6 for the diff, longitude. 
‘i ees a PROBLEM 
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PROBLEM IX. 


68. G iven one latitude, the diftance, and departure : 
Required the othet latitude, courfe, and diff. longitude. 


‘Exam. A fhip from the latitude 37° Q0'N., longitude 9° 02'W., having 


failed between the N. and W.1027 miles, reckons fhe has made 564 miles of 


departure, what was her direc? courf:, and the prefent latitude and longt- 
tude ? ? 


By Mippxre LaTitrubDe SAILING. 
By Construction. Fig. 15. Plate XIII. 


Draw the meridian line ap; defcribe the quadrant Amps make Aa 
=s564m.; from A, with 1027, the diftance, cut ac, drawn parallel to 
AD, in cs draw ac, and draw the departure cp parallel to a p. 


By COMPUTATION. 








To find the courfe. Io find the diff. latitude. 

ac: sad,:: co: fin. Gpvac. Rad. : ac :: fin. ZDCA: ap. 
As dift. == 1027, 6,98843] As rad. = goo’ 10,0c000 
To rad. == 90°00’ ~=—10,00000)T'o dift. <= 1027 3,01157 
$0 depart. = 564 2,75128|So co-f. cour. == 33°19/ 9.92202 
To fin. cour. == 33°19" —-973971/To diff. lat. = 858,2 2,93359 

- Now 37° 00’N. == Dep. lat. Sum of the latitudes 88° 18/ 

60)858(14 18 N. = Dif. Jat. SEED 

——— Mid. lat. ° 44 09 

51 18 N. = Pref, lat. jane 

——- Co-mid. Jat. 45 55 





Then defcribe the arc EF with the fine of 45° 51’, and therein apply 
cp from £ to F; through F draw AB; and draw the diff. long. Bm. 





To find the aiff. lo:gitude. Cc. 5 7 2 p - «gy 
As cof. m. Jat. == 44° 09’ 0,14417] Now 9°027W. = _ Dep Iong. 
To tang. cour. = 33 19 9,81776,60)756(13 06 W. = Diff. long. 
- So diff, lat. = 858,2 293.359 a dma : 
. —| - 22 08 W. = Pref. long. 
To diff. long. == 786, 2,89552 ——— 


_ 


awe———| Courfe is NW. b. N. nearly. 


By the TRAVERSE TABLE. 

Now sth of the diftance is 51,35, and of the departure 28,2. - 
” Find under what courfe, among the degreeS, 28,2 ftands in the depar- 
ture column againft §1,35 in the column of diftances ; which will be un- 
der 33° 30 and againft 42,8 in the diff. of lat. column. - 

Then 42,8 x 20856: hence the prefent latitude is 51° 16’N.; and 
the co-middle latitude # 45° 52’. 

With the neareft co-middle latitude (46°) and the departure 28,2 find 
39,2, the diff. longitude, anrong the diftances. 

Then 39,2 x 20=784, for the dif. longitude, 


‘69. By 





ee 


-_ 
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9. By MercarTor’s SaiLine. a 
By Construction, Fig. 23. Plate XIH. 


Drawn a meridian ap; defcribe a quadrant am ; make A a= 564; 
draw ac parallel to as; from a with 1627, the di ance, cuta@ Cc in Cs 
draw the departure cp parallel to a pf» and draw the diftance ac. 


CoMPUTATION by Meridional Parts. 7 











To find the ae To find the diff. latitude, 
| ac : rad, 2: cp: fin.2pac. | Rad. : ac: : finzZpca : AD. 

’ As ditt. = 1027 6,98843/As Rad. == 90° 00" 10,00000 
To rad. | =+ gc® 00’ 10,00000/To dift. = 1027 3,01157 
So depart. = 564 2+75128/So cof. cour. = 33°16’ 9,92202 
To fin. cour. = 33° 16 9,73971/To diff. lat. = 858,2 293359 

Paemnstonlatnt 

Now 37° 00°N. == Dep. lat To 51° 18’, the mer. parts == 3598 

60)858(14 18N. .= Diff. lat To 37 00, the mer. parts == 2394 
51 a8 N. = Pref. lat Mer. diff. lat. == 1204 


Then make AB=1204; continue Ac till it meets BE, 


drawn parallel 
to Ap; and BE is the diff. longitude. 








To find the diff. longitude. Rad. oT ot somo: on 
As rad. ~ \ == go° 00’ 10,00000 Now 9°07 W. = Long. from, 
To tang. cour. == 33 1g 9,81776 60)791(13 11° W. = Dift. long, 
So m. diff. lat. = 1204 3,08063 | 
| , 22 13 W. =. Pref. long. 
To dif. Icng. == 791.4  2,89839 7 





Courfe NW. b. N. nearly. 
Computation by Logarithmic Tangents. 
Find the courfe and prefent latitude as above. 








Then, Dep. lat. 37° oo N, Co.lat. 53° od’. % @o-lat. 26° 30’, 
—_— Pref. tat. 51 18 N. Co-lat. 38 42. z co-lat. 19 21. 
To } co-lat. 26° 30%, its log. tang. = 969774 
To = co-lat. 19 21, itslog. tang, <= 9.54552" 
| Difference = 1§22,2==G, 
To find the diff. longitude, N > Gs 2 3 4, 
$ N = 9,89849 | | 
Toc == 1522 318241 . 
So tang. cour, == 33° 19° 9,81776| The prefent longitude may: be 
) . found as above. , 
- Todiff.long. == 791,8  2,89866 





By the Traverse TABLE. 

Find,'as before, by proportioning for the parts, the diff. lat.=8 56, and 
the courfe N. 33° 30'W. | 

Hence the -prefent Jat. is 51° 16'N,; and the mer, diff. lat.==3200, 
zoth of which is 60. . 

‘Then in the column of latitudes, under 33° 30’, find 60,04, the neareft 
to 60; againft which, in the departure, ftands 39745 which, multiplied 
‘by 20, gives 7294,8 for the diff. of longitude, | ae 

nu ' : 7 PR O- 

ce ae : 


~ 





by 20, gives 1024 for the diftance, 
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Jo. PROBLEM X. 
Given one latitude, departure, and diff. longitude: 
Required the other latitude, courfe, and diftance. 
Exam. 4 joip from the latitude 51° 18' N., longitude 22° o6'W., 


Paving failed between the 8. and E. for feveral days, reckons foe has made 


564 miles of departure, and 786 miles of longitude: what is the lat. and 
dong. of the place arrived at, and alfo her direc courfe and diftance ? 
This Problem cannot be refolved by Mercator’s failing. 


By Mippte LaTiTrupeE SAILING. 

By bo NSTRUCTION. Fig. 16. Plate XIII. 
- Draw a meridian ap; defcribe the quadrant a mp; inthe arc mp 
Apply the chord m B= 786, the diff. long.; draw aB; make m a= 564; 
Graw a F parallel to am, and with the radius AF defcribe the arc Fg, and 
@raw the chord EF. | 

Then is EF the departure, and ar the fine of the co-mid, late. 
y COMPUTATION. 7 

To find the co-mid. latitude. Now Co-mid. lat. == 45° 51° 


Middle lat. 











LD: Dp i:: fad : C 4499 

| Sum of the lats, 88 18 

“As diff. tong. == 786 7,10458| Depart. lat. st 18 

‘To depart. == 564 2575128 omemmeien 

So rad. == 90°00’ §=10,000 Pref. lat. 37. 00 
To co-f, m. lat. = 44°09 9,85 586 Diff. lat. 14 18=858 m. 


Make ap22858; draw pc parallel to A p, and equal to EF; then ac 
being drawn; will be the diftance; and 2 Dac the courfe. 





o find the courfe. To find the diftance. 
: es b. 4.3 ©. oT: Sin. 2 DAC : DC :: rad. : AC. 
As diff. lat. <== 858 7,06651/As fin. cour. == 33° 19° 0,26022 
To diff. long. == 786 2,89542|To depart. == 564 2,75128 
So co-f. m. Jat. == 45°51’ 9,85583|So rad. = go° eq’ ~—s10,QQ000 
Totang. cour. = 33 19 9,81776/To dif, = 1027 3,01150 


Now 22°06’ W. = ae long. 
60)786(13 06 E. = Diff. long. 
<n The courfe is SE. b. S. nearly. 
g oo W. = Pref. long. Diftance 1027 miles. 
Prefent lat. 37° oo/N. 
By thee Traverse TAaBLe. 

Now {sth of the diff. long. and dep. are 39,3 and 28,2. | 

Seek in the ena an the given depart. 28,2 is found in its column. 
againft the giyen diff. ong. 39,3 in the column of diftance ; and it gives 
the co-mid. lat, amang’ the ie eens the top or bottom of the table. 

Here 28,2 falls between 28,27 (over 46°) and 28,11 (over 45° 40’) 
‘the depart. anfwering to the dift. 39,3; therefore, taking the co-mid. lat. 
==45° 50’, the prefent lat. is 37° Oa’N.3; the diff. lat, is 856; and its 
Poth is 42,8. oa 
- Phen 42,8 and 28,2 will be found together under 33° 30’, the courft, 
and between §1 and §2 in the diftances ; fuppofe 5325 which, multiplied 


PROBLEM 
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PROBLEM XI. 


71. Given one latitufe, courfe, and difference of longitude : 
Required the other latitude and diftance. 

Exam. 4 foip from the lat. 37° 00’ N., longitude 22° 56° W., runs on 
a courfe N., 33° 19° E., until fhe finds her difference of longitude is 786 
miles: what is her prefent latitude and diflance failed ? 

This problem cannot be refolved by middle latitude failing. 


By MERCATOR’s SAILING, 
y 


By ConstrucTion. Fig. 24. Plate XIII. 


Draw the meridian AB; defcribe the quadrant a mp; continue a » till 
A a=786 miles, the diff. longitude, and draw Az parallel to as. Make 
the arc mc=33° 19°; draw the rhumb ac till it meets AE in E, and draw 
BB paraliel to Ap. ; | 


COMPUTATION by Meridijonal Parts. 
To find the mer. diff. latitude. 
a ee ae ey Om a |e Dep. lat. 37° oo’N. Mer. pts. 239 

As tang. cour. == 33° 19 0,18224 ' Mer. d. lat. 11 
To rad. = 90 ©0 10,00000 —aa 
So diff. long. = 786 — 2,89542/Pref. lat. 53 123N. M. pts. 3589 





Tom. diff. lat. = 1196  3,07766|Diff. lat. 14 123-8523 miles. 





Make ap=8522; draw pc parallel to a p; then ac is the diftance. 
To find the diftance Sin. 2 DCA > AD :: fade 3 Ake 

As cof. cour, == 33° 19° 0,07798 

Todiff. lat. == 852.5 2.93009 


So rad. == go® 00 =: 10, 00000 





To diftance = 1020 3,0086 
CoMPUTATION by Logarithmic Tangents. 
To find the prefent latitude.  |Dep. lat. 37° oo. —_Co-fat. 53° oc. 
40 He ee ON 8 








: > Ge #co-lat. 26 30. L. tang. 9,69774 
As tang. cour. == 33° 19 (0,18224 7 G=> 1918 - 
So n . = 10,103551/3Co-lat, 19 24. LL. tang. 9.54664 
Toc m= 1513 3.17937|\Co-lat. 38 48 | 


————/! Therefore tie pref, lat..is 51° 12’N. 
By the TRAVERSE TABLE. 
Seek the diff. long. in the column of departure to the given courfe, 
and it gives in the column of latitude the meridional diff. lat. 
Thus under 33° 15’, againft 39,3 (=,th of 786) in the departure 


. ftands 59,38 ; or by proportioning 59,96, which, multiplied by 20, gives 


¥199 for the mer. diff. lat. Hence the prefent lat. is 51° 14°N.; an 
the diff. lat. 854 ; its .%th is 42,7. | a 
" Then under 33° 15’, in the col. of lat. 42,7 ftands againft 51 in the 
col. of diftances; which multiplied by 20, gives 1020 for the diftance. 

| ' -. PROBLEM 


‘3 


as 
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PROBLEM &Il. 


72, Given the courfe, departure, and difference of longitude : 
Required the latitudes, departed from and arrived at. 


Exam. From a place in north latitude, a frip fails 8. 33° 35' E. unsil 


foe has made 564 miles of departure, and 786 miles of difference of longi 


tude: what were the latitudes failed from and arrived in: 
| SoLuTign. 


Ag the fine of the courfe is to the departure 
So is the co-fine of the courfe to the difference of the latitude=860 
Anéd as the diff. longitude is to the departure 


So is the radius to the ce-fine of the middle latitude = 4409: = 


Nowsee= 14° 20/ the diff, lat. the half is 7° 10%. 
Thengg? 09' 4+7° 10/= 51° 19%, the latitude failed from ; 
And 44 09-7 10 =36 59, the latitude arrived in. 


Hence any two of thefe four particulars being given, viz. 
Courfe, diftanee, rH ela difference of latitude, 
together with the difference of longitude : 

The two Jatitudes may thence be found. 


PROBLEM XII. 


73. Given one latitude, diftance, and difference of longitude : 
Required the courfe, and the prefent latitude, ~ 


SOLUTION. 


a, Find the meridional diftance (37) to ufe as a firft departure. 

When the courfe is toward the equator, augment this mer, dift. for 
a fecond departure ; if toward the pole, diminifh it for a fecond de- 
parture. Let the 1{t dep. be altered akout a sth or 6th of itfelf for a 
fecond departure. = 8 8. > : 

"g. ‘With the given diftance and thef¢ departures, taken feparately in order; 
Find the refpective courfes, and differences of latitudes. (VII. 32) 
fAnd‘hence, the prefent Jatitudes and mer. differences of lat. (52 

' 3. To each courfe and refpective mer. diff. lat. find a diff. long. +53 

.-4» Between each of thefe differences -of longitude, taken in order, and 

that given, take ‘the two differences ; which call the 1ft and ad 


errors. ‘i 
Take the produc of the 1ft departure bythe 2d error, and the pro« 
du of the ad departure by the frft errore’ 3 and the pr 


é 


e, 


a ie 


— 
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_ § If the two differences of longitude found by the 3d art. were both too 
_ great, or both too fmall; let the difference of the faid two produGs 
_ be divided by the’ difference of the errors, and the quotient may be, 
taken for the true departure. : ae os, : 
But if the two differences found wera one too great, and one too 
fmall; let the fum of the faid produdts be divided by the fum of shg 
faid errors, and the quotient may be taken for the true departure. 
©. With the true dép. and dift. find the true courfe and diff, latitude. 


(Vil. 3a) 


- Exams A pip from the latitude of 37° N., having failed for fome days on 
a dire courfe in the NW. quarter, finds that fae pd pe ee ake and 
bas made 740 miles of difference ¥ longitude: on what courfe did jhe ficer, 
and what latitude has fhe come to: 


With radius and the diff. long. 790, find a mer. dilt. (631) which hep 
.ing diminifhed by about its th, or by 100, gives 531 
. * hen 631 aadeai may be taken for the 1{t and 2d departures. 
_. The diftance 1027, and thefe departures, give the courfes 37° 45’ and 
| 31°, and alfo the differences of latitude 814 and 883, or 13° 34’ and_ 
Hence the fuppofed latitudes are 50° 34/ and 51° 43’, and the men- 
dional ifeecaee of latieude will be i 3 Fade 1245. * 
- With 1135 and 1246, takén with thé courfes 397° 45’ and 31°, the 
differences of long. are 879 and 748. 
_ And 87 g0=8o9, the rft error, too great: 
Alfo ae 8=42, the ad error, too finall. 
The fum of thefe‘errors is 131, the divifor. 
i — site 42==26502 ; and 531 x89=247250; the {ym of the pro- 
ucts 1S 73701. | 3) 3 
| "Then 73764131 gives 563 for the trae departure, = - 
_ With the dift. oe and dep. $63, the courfe is N. 33° 5 5'W, 
' "Whe diff. lat. is 860 m: 14° 20°N. | ne 
And the prefent latitude is 51° 20°N. 


| _ 7 - BECTION 
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| SECTION V. 
Of compound Courfes correéted by Longitude. 


How to folve compound courfes or traverfes, on the principles of plane 
failing, has been already fhewn ; but.it is neceflary alfo to fhew how the 
proper allowances for longitude are to be introduced into fuch accounts ; 
which is eafily done by any of the following methods. ~ 
V4. | Rute I. 
1ft. Complete the traverfe-table to each courfe and diftance, and find 


the whole diff. latitude, departure, and prefent latitude. (VII. 36) 
- ad. With the diff. latitude and departure find the dire& courfe and 
diftance. (VII. 33) 


3d. If you work by middle latitude, with the departed latitude and pre- 
fent latitude find the co-mid. lat. ; with which, and the departure, find 
the difference of longitude. ° 2 *: : (64) 
Or 4th. If by Mercator, with the departed latitude and prefent lati- 


“tude find the meridional difference ‘of latitude ; with which, and the di- 


rect courfe, find the difference of longitude. : (59) 


: Rucve Il. By Middle Latitude. 

xft. To the traverfe table (completed as above) annex feven other 
cols. ; intitle them dep, lats., pref. lats., fum. lats., mid. lats.; co-mid. 
lats,, diff. Jongit. rn Cami ar ae 

E. W. : , - a, 

ad, By the feveral differences of latitude found in the traverfe table, 
fill up the firft and fecond columns; and hence the correfponding fum. . 
Jats., mid. lats., and co-mid. lats., will be obtained. 

d. With each co-mid. lat., and correfponding départure, find the diff. 
of Jongitude to each courfe (64), and fet them in the columns marked 
E. W.., according to the name of the departure ufed. i 2 

4th. Add up both the eaft and weft columns of longitude, and the dif-- 
ference of their fums will be the whole difference of longitude. 


: Rute III. By Mercator. 

1ft. To the traverfe table (completed as above) annex five othe 
columns: intitle them fucceffive latitudes, meridional parts, mer. diff. 
lat., diff. long. 

| Ww. , 

ad. By the feveral differences of latitude, found in the traverfe table, 
fill up the column of fucceffive latitudes; fet their meridional parts in its 
column ; and the meridional differences in its column. 

3d. To each courfe, and its correfponding meridional diff. lat., find 
(59) the diff. longitude ;. which fet in its proper column. 

4th, The difference of the fums of the eaft and weft columns of lon- 
gitude will be the whole difference of longitude. 

The firft of thefe rules is moft commonly pra@tifed at fea; but either 


- of the latter gives the refult more accurately. 


The.operations, by thefe rules, may be all performed by the traverfe 
table at the end of Book VII. | 


77. EXAM~ 





Book VII. GLOBULAR SAILING. ws 


7. EXAMPLE I, Yefferday neon we were in latitude 38° 14'N., longi- 
25° 56° W., and have fince run a earl courfés and dijlances. 
rft. NE. b. N. ZE. 56m.; 2d. NNW. 38m.; 3d. NW. b. W. 46m.3 
gth. SSE. 30 m. sth. S. b. W. 20m.3 6th. NE. b. N. 60 an 
Required the fhip’s place with ber dire courfe and difiance. 


By the First RULE. 


The ‘Traverse TAsBLe. 






_ 115527|4723|7 8525 6.6 


_ Diff. lat. 108,4'Depz1,6| | 
Hence (VII. 33) the courfe is N. b. E., diftance 132 miles. 








By Mippie LaTITuDE 





Dep. fat. == 38° 14’N. Mid. lat. . = 396° 8” 
Dif. la. = 1 48N. °¢. o-mid. lat. = 5052 
Prefent lat. == 40 2N. Dep. long. s= 25 56 VE. 
Sum. lats. = 78 16 - if. long. = 0 2E 
——< Long. from == 25 56W (sh 





Prefent long. <== 25 28 W, 


By MERCATOR. 
Dep. lat. 38° 14’N. M. pts. == 2486,1 ot long, = 
Pref, lat.49 2N. M. pts. == 2625,3/Diff. long. = o 2E. (sg 


eee ES ees aD 


Mer. diff. lat. == 139,2|Prefent long, == 25 28 W, 


ExPLANATION,. 


The diff. lat. 108,4 and the dep. 21,6 being fought for, ftanding to- 
gether in the ,traverfe table (VII. 67) will be found under one point, or 
11° 15’ for the courfe, and againft 111 miles for the diftance. - 

The co-mid. lat. 50° 52’, or its neareft 50° 45’, being found in the 
traverfe table (VII. 67), and the departure 21,6 in the dep. column, 
then right againft it in the cel. of dift. ftands 28 for the diff. long. . 

_ The courfe 11° 15’ being found among the deg. at top. in the traverfe 
_ table (VII. 67), and the mer. diff. lat. 139,2 (or its $, v#2. 69,6) found 
_in the col. of lat. gives a correfponding dep. 28, (== 13,85 x2) for tbe 
difference of longitude, | . 8 os : 
y. 


a lo 
’ 





A 
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By the SECOND Rute. 


TRAVERSE LABLE, | LONGITUDE TAaBLe. 


38° 14713 8° 59° 137138° 36451° 241 43 
34,51138 59139 16/50 44 


Diff, lat. = |108,4: Dep.) 21,6 Diff. longitude.—=| 27 
EXPLANATION. 
Dep. lat. 38° 14’N., and diff. lat. 45’N., gives pref. lat. 38° 59/N. 
Dep. lat. 38 59 N., and diff. fat. 35 N., gives pref. lat. 39 34 N. 
Dep. lat. 39 24 N., and diff. lat. 26 N., gives pref. Jat. 40. oN. 
Dep. lat. 40 ON., and diff. lat. 28 S., gives pref. lat. 39 32 N. 
And foon, to make the firft two columns in the longitude obi, 
The fum of each oppofite two gives the fum of lats. in 3d column. 
From thefe afife the columns of mid, lat. and cosmid. lat. 
Then (by art. 64) with each co-mid. lat., and correfponding departure, 
the column ef longitude is filled up; and the fums of the columns of 
longitude being taken, their diff. will be the whole diff of longitude. 





















: By the Tuirp Rug, ~ 

| TRAVERSE TABLE. LonoiruoeE TaBLe. 

Diff. lat. _|Succeff.| Mer. (M.Dig| Dif: long. 
Courfes. [D, N latits. | parts. | lat. w 

NE.b.N.ZE.|56] 45,0 $708 | 43,8 
iINNW. 38) 3523 4522 18;7 
INW. b. W 25,0 33,8 595 

. 3.4 | 15,0 
2559 593 

50,0 253] 65.9 | 433 

queen, | eomceme omen | pa 

| 445607] 4743} 7832 raat 2443 

Diff, lat. =| 108, Diff. longit.==} 27,8 


EXPLANATIOM | ‘ 
The column of fuccefiive lats. is filled up:from the differences ‘of lat. 


_ found in the wavorfe table: to thefe lats. the meridional parts and the dif- 
‘fesences are to be found: then by the courfes and meridional diff, of ta- 
“titudes, the diff. of longitudes ere found, 2s fhewn in art. 59 of this 


book. The diff. of long. made good, found by all the methods, is nearly 
the fame. ie * | 


9%, Ex: 


a 


———_ 


= —— se 
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78. Examp ce II. Suppofe a ip from the latitude 52° 20’ N., aud lon 
gitude 14° 38 W., has failed the following ao VIZ. - 74 
ft. ESE. 43m. ad. SW. 32m. 9 3di'SE. b. S. 58 m. 
4th. SSW. 60m. | 
F Required her prefent latitude and longitude; alfo her direét courfe and 
iflance. 


By the First Rure, 
The Traverse TABLe. 
Courfes. (D.| N. | S. | Be | We 


emmednees | ae [SES eee o (etenes | Come 





















ESE. "143 16,5] 39,7 

SW. 32 22,6 22,6 
-1SE.b.S. [58 48 ,2| 32,2 

SSW. 60 5594 28,0 








Diff, lat. = 142,7) 71,9 45,6 





hee =| 26,3 
Hence (VII. 33) the courfe is S. 10° 30/ E: diftance £46 miles: 
; To find the difference of Longitude. | 


By Mippuie LATITUDE. 


« 











Dep. lat. = 52°20 N. Mid. at. = 
Diff. lat. —= 2 23S. Co-mid, lat. 2 38 52 
Prefent lat. = ores N. Dep. long. == 14 38W , 
cade Diff. long. = o 42E; (64) 
Sum. lats. - = 102 17 
—— Prefent long. == 13 56 W. (VI. 53) 


By MERCATOR. | | 
Dep. lat. 52° 20’N. Mer. parts 3698] Depart. long. == 14 38 W: - 
Pref. lat. 49 57 N. Mer. parts 3470! Diff. long. = 0 42E. (59) 





Mer. diff. lat. 228] Prefent long. 
EXPLANATION, 


The halves of the diff. lat. and dep., viz. 71, 


= 13 56 W. (VI. 53) 


35, and 13,15, being 


fought for, ftanding together, in the traverfe tab!e (VII. 67), their neareft | 
numbers, viz. 71,73 and 13,30, ftand under 10° 30° for the courfe ; and 
apainft 73 in the column of dift.; which doubled, as the table was entered 
with halves, gives 146 for the direct diftance made good. 

The co-mid. lat. 38° 52’, or its neareft 38° 455 b:ing fought in thé 
traverfe table (VII. 67); then in the column figned Dep. the number 


- neareft to 26,3 (the dep. by this queftion) ftands.againft 42 in the col. of 


dift.; which is to be taken for the difference of longitude. , 

Or thus, Seek under the direct courfe 10° 30’, and in the column 
figned Lat. for the neareft number to the mer. diff. lat. (=228, or to fome 
part thereof, viz. its =>) 57; then the correfponding departure is 10,57 3 
which, taken four times, gives 42,28 for the difference of longitudes 


Vou. IT, Q , | By 





~/. = 
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By the Sseconp RuLE. 





Traverse TABLE. ({ Loncitupe TaBLe. 


| Dep. | Pref. { Sum { Mid. (Co-m.| D. lon. 
Se Ww. lats. | Jats. | Jats. | lats. | lats. | E.{ Ww. 
43} | 16.5! 39.7), Isz° 20')52° 04) 104° 2.475 2° 12137948 65 
32 22,6} ° |22,6:)\52 04154 414103 45 (51 52138 08 
SE. b. S.53 48,3) 32.2] . [51 40 [50 53(102 34151 17/138 43] 51 
SSW. {6c}, | 55.4 23050 53 149 581100 51 150 26 |\39 34 
. ee 
Diff. lat. ==] 142,7 







































ene — 
— 


71,9 45:6 


aaa GEE 


26,3 











Depart: = 


. EXPLANATION. 
Dep. lat. §2°20/N., and diff. lat. 16 S., give pref. lat. 52°04/N. 
“Dep. lat. §2 04 N., and diff. lat, 23 S., give pref. lat. 51 41 N. 

Dep. lat. 54 41 N., and diff. lat. 48 S., give pref. lat. 50 53 N. 

Dep. lat. 50° 53 N., and diff, lat. 55 S., give pref. lat. 49 58 N. 

Which completes the firft two columns of the longitude table. — 

The fums of the oppofite dep. lat. and pref. lat. make the 24 column. 

The halves of thefe fms make the mid. lats. in the 4th column, 

And their complements make the 5th column. 

"Then with thefe co-mid. lats. and their correfponding departures, the 
differences of longitude being found (64), and fet in their proper columns; 
the difference of the fuins of the columns of longitude gives the whole 
ditference of longitude. 


Py the Turron Rug. 


















































Traverse TABLE. i Loxncitune TaBLe. 
| I'Succeff.| Merid. Mid. Diff. long. 
Courfes. ” | §. | EL | W. | dats. | pant, dat: — 
| ! | | 52° 20°! 3697,8 
ESB. 431 | 16451 3957 152 04 | 3671,7| 26,1] 62,8 
SW. $2). 25 22,0 22,651 41 | 3634,4| 37,3 3793 
SE b. S58 | 48,2! 32,2 SO §3 | 355797} 7007) S492 
SSW. jGo! 55.4] 23,0149 58 | 3471,4| 86,3 3557 








cam ese ee 2° ae eee | ese aE 











qa 


IE 2 GE 


41,0 






Diff, lat. —| 42,7, 7159 4546 


___t2631 | 


Depart. =| 26.3! |} Diff. long. = 

EXPLANATION. , 

By the differences of latitude, firft found, the column of fucceffive Ia- 

titudes is filled up; to thefe the meridional parts and their ditterences are 

then taken ; the courfes and correfponding meridional diff. lat. give (59) 
the difterences of longitude, 


In this example, the difference in the refule by the three methods is 
very inconfiderable. 








: 79: Exe 


En ee ee ee ee i 


Book VII. GLOBULAR SAILING.  ayg 
Exampie Ill. § the latitude 67° 30’ N., langi- 
att 46’ W,, has foiled ¢ op At eae mone ve 


NE. 64m. NNE. som. NW.D.N. 58m. WNw. 72 me. 
— Weft, 48m. .SSW. 38m. S.b.E. 45m. eae 40 m. 
Required her prefent latitude and longitude. 


By Mippte Lartitupe, according to the fecond Rule, 


Diff. lats. Mid; |Co-m,|2-!0"8- 
DJ N. lats, | Tats. | rw, 


umatghon ena. 








Depart. Succefl.| Sum 


ae 











| EB. | Ww. || Jats 












-| Courfes. 

















NE. 64] 4553 
NNE.  [sc| 46,2 










4 
191 one 137 1668 3 S21 22) 53] 
eels +9 138 5069 25 20 35 92 
7 {140 ee79 03,19 57) [195 
48, 3 Fo 1) 1149 34170 17119 43 
14,5169 42 139 $9169 $9.20 O1 
8,3 68 58. 138 4069 25,20 40] 25 
68 43° 137 41168 solzg O1C2 


apnea | Swe ee aQmEEy Cee oxmmemaatigan, a, qe Gee SEE) CER ER 


16753 |94s5|£10,1 |161,2 
























D:ff. lat. 72,8| Depart. = aa 
By MERCATOR, according to the third Rule. 

Diff, lat. | Depart. lSuccet| Mer. 
Ww. | lats. | parts. 






Mer. Dif. long. 
d. Jat. 













































Courfes. |D.| N. | S. j E. E. 
67° 3015551,6 
"{NE. O41 4553 453 68 15 (5674.8 1119,5)119,5 
-{NNE. _'50} 46,2} - | 19,1 69 011579753 | 126, 2] 52.4 
| INW.D.N.'58) 48,2). 32,2169 49159339 136.6 
" IWNW. 172] 27,6 66,5'70 17|6016,0} 82,1 
Wett 48 48,0/70 17|6016,0; 00,c 
SSW. = 38 3551 1435 69 42 |5913,7 |102,3 









S.b.E. 4s! [44,1] 8,8 


58 |§789,0 124.7] 24,8 
ESE, 40} 15,3 36,0 


68 43 |5747.4 41,6)100,7 










, Diff. longit. 2 ees 
Hence the cae latitude | is 68° re N.; ; and prefent long. 11° 42’ W, 
According to the firft Rule. 


' The co-mid. lat, between the firft and laft lats. is 21° 54’, with which, 
and the departure 51,1, the diff. long. will be 137 miles. 

Alfo the mer, diff. lat. between the firft aa lait Jats. is 195,8; with 
which, and.the diff. lat. 72,8, and the.dgp..51,1, gives a,diff. long. 137,16 


- * Phis-diff: long: is- are by Art. 38-of-this-Book. 





——_ - 
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#80 © GLOBULAR SAILING. Book VIII. 


- 80. Example 1V. Suppofe a fhip from the latitude 68° 38’ N. lon- 
gitude 8° 40 E. bas failed the following courfes, viz. 


NE. b.N. 63m. = NE. 38m. NNE. 56m. | 
North gom. NW.DLN. 25m. NNW. i W. 36m. 
N. by E. gom. NE.b.E.2E. 72m. SE. 50m, 
ENE. 65m. 


Required her prefent latitude and longitude, with her direé? courfe and 
difiance ta the North Cape, in lat. 71° 27' N., longitude 26° 30' E. 


By MippLe LATITUDE, according to the fecond Rule. 


pith, lats.; Depart. Succefl.| Sum | Mid. mle lon? 





D) N. |S. | E. |W. || Jat% | Jats. | lats. | tats. 





° EB.) W: 
meee | seem | MRED Jenene xe | mm ; ome Gams —— REED eee EEE exes 
ae 68° 38 o s\9 ¢|°@ 
524 35:0 69 30/138 869 4lz0 56) 98 
2059 26,9 69 571139 27/69 43/20 17| 78 
51,7 2154 79 49/140 46/70 23119 37) 64 
30,0 71 19/142. 8171 4118 56}. 00] Co 
20,7] 13ZQ1171 40;rgF2 $9171 30)18 30 44 
31,7) 17,0]|72 42/143 52/71 56418 4 55 
39:2 78) [172 ST 14S 3/72 31117 29) 26 
33:9 6355 73 25:140 16/73 8)16 52/220 





3593 | 35%3 72 501146 16173 7)16 53/t2 
24:9 60,0 73° -15:145 5173 3[16 57/205 


quan | cows | gee | eee, | eee gE CADE Cy Pea 


32154:3553 | 24919) 30,9 812] 99 


Dep. ; Diff. long. =|713 








276,1 219;0 





By MERCATOR, according to the third Rule. 







































oo. Jats. | Depart. _|'succeff Mer. | Mer. Dit. long. 
Courfes. ID. N. 1S. | BE. | w. |] ft | parts. [4 lat po yy, 
| | 68° 381573397 

NE.b. N. [63] 52,4 35,0 69 301587952] 145,51 97,2] - 
INE. 381 26,9 26,9 ‘69 571|595752| 78.0) 78,0 
NNE. 56] 5157 21, 70 49 6112,11154,9) 64,0 
North 30| 30,0 I7t 19 6204,5| g24 
NW.Db.N. [25] 20,7 13:9)|7 1+ 40/6270,7| 66,2 44,0 
NNW. ! W.|36} 31,7 17,072 12|6373,9| 1032 $520 
N.b. E. {40} 39,2 758 72 §116503,81129,9| 26,0] - 
NE.b.E.5 73 25 |6621,0| 17,2) 219,4 

SE. 72 ¥|6500,4} 120,6) 120,6 


15 |6586,1} 85,7) 207,0 





812,2/ 99,0 
99:0, © 


Dep. lat. pe 27651 : ° i * 7 I 392 





eee ea 


a 
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By the First Rure. 


With ,%th of the diff. lat. and departure, o/z. 27,61 and 21,9, the di- - 
~ get courfe is N. 38° 30’ E., and diftance 353. . 4 
The co-mid. lat. is 19° 04’; with which, and the departure 2139, the 
difference of longitude is 673. 
The meridional diff. lat. 852,4; with which, and the dire€&t courfe 
38° 30’, the difference of longitude is 676. - | 
To find ‘the direct courfe and diftance from the fhip’s ‘place to the 
North Cape. 

















Depart. lat. == 68°38’N. Dep. long. = 8°40°R, 
Diff.lat.. | = 4 36N. ' Diff. long. . == 11 53E. 
Prefent lat. == 73 14 .N.)Mer. parts == 6582,6:Prefent long. == 20 33 E. . 
N. Cape’slat. == 71 27 N.|Mer. parts == 6229,6N. C.’s long. = 26 30K. 
Diff. lat. = 147N(M.dla. = oa long. ce 5 57E.- 
’ Or =107 miles. Or = 357 miles, 
‘ _ By Mippre LatTitrupeE, 


Sum of the lats. 144° 41’; mid. lat. 72° 21/3 co-mid. Jat. 17° 30/7. 
To the co-mid. lat. 17° 39’, and the diff. longitude 357 (=119 x 3) 
taken as a diftance, the correfponding depart. is (36,28 x 3==) 108,84. 
As the diff. lat. 107, and depart. 108,8, are fo nearly equal, therefore 
The courfe to the North Cape is SE., and the diftance 152 miles. 


By MeRCarTor., 


The meridional diff. lat. 353, and diff. long. 357, taken as a diff. lat. 
and depart. gives the-courfe 5. 45° 20’ E. and the diftance 152 miles. 


81. REMARK. 


_ The three methods of operation are fufficiently illuftrated in the pres 
ceding examples. From whence it may be inferred, that in latitudes not 
exceeding 45°, the firff method, or that ufually practifed at fea, is correct 
enough for any runs that can be made in one or two days ; and one day’s 
run may be fafely worked by the fame method in latitudes as high as 50° 
or 52°: but in latitudes nearer the pole, it will be proper to find the 
difference of longitude to compound courfes by either of the fecond or 
third methods, as may be feen by comparing the refults to the third and 
fourth examples; the firft method giving the difference of longitude toa 
fmall, by a quantity confiderable enough to produce fatal confequences. 


| 
Q 3 SECTION 


\ 
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SECTION VI. 
The Conftruétion and Ufe of a Mercator’s Chart. 


The linear and numeral folutions of fuch queftions as may be propofed 
concerning failing, by the principles on which Mercator’s charts are 
founded, having been fufficiently exemplified; it follows next to thew 
how fuch queftions may be folved by the chart itfelf. 


82, PROBLEM I. 


To make a true fea-chart, which fhall foew the known fea coaftsy iflands, 
rocks, fhoals, (Fc. that are contained within any propofed limits. 


SOLUTION. 


tft, Conftru& the boundaries or limits of the chart, within the pro- 
ee latitudes and Jongitudes (13), aud let the degrees of latitude and 
ongitude be marked on thefe limits. 

ad. On a piece of ftiff paper, parchment, &e. make a {cale of equal 
parts, like the degrees of longitude that are in the graduated parallel of 
Jatitude, and let the divifions on this fcale be numbered in the fame 
manner. 


3d. From a table of the latitudes and longitudes of places (VI. 137) | 


extract thofe places, with their latitudes and longitudes, that he within 
the propofed limits. 

4th. Then by fliding the outfide divifions of the fcale of the graduated 
parallel along the graduated meridians, fo that both ends of the fcale, at 
the fame time, always cut like divifions of latitude; the points corre- 
{ponding to the latitudes and lonritudes of the places contained within the 
propofed limits may be readily marked in the chart. 

sth. Lines being. properly drawn from point to point, will form the 
outlines of the fea coalts, iflands, &c.3 to which may be annexed the 


depths of water, fetting of currents, and whatever elfe may be judged cone 


venient for the chart to contain. 

In this manner the fea-coafts, &¢. were laid down in the chart, Plate 
XII. ; containing part of the {ea coafts of Europe, Africa, and America, 
with the intermediate iflands, extending from the latitude of 23 degrees 
to Sg degrees north ; and from the longitude of Londan, or o degrees, to 
80 degrees of weft longitude. 


$3. The Gunter’s fcales have two lines drawn on them; one marked 
M, R., fignifying the nautical meridian; and the other, which is placed 
directly under it, is marked £. P., fignifying equal parts. 

Thefe equal parts are degrees of longitude, to which the divifions of 
the nautical meridian are fitted, by increafing them in their true propor- 
tion; which is readily done by the tzble in Art. 13, taking the meridional 
degrees from the fcale of equal parts, or degrees of longitude. Thefe 
two lines, or {cales, are ufed cither to conftruét a Mercator’s chart, or 
to fhew nearly the meridional diff, lat. between any two parallels of lati- 
tude. 


¢ The 
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The conftruction of a Mercator’s chart (or rather the limits or borders of 
it) is eafily performed by thefe lines, by transferring the divifions, corre~ 
{ponding to the degrees to be ufed, from thefe fcales to the paper the chart 
is to be drawn on. See Plate XII. Thus: ° 

On an eaft and weft line (as) apply the extent, taken from the fcale 
of longitude (tr), between the degrees of longitude where the chart is to 
begin and end (fuppofe between the longitudes 0° and 80°). 

Through thefe two extremities (A, B,) draw two meridians (AD, R¢,) 
each of a length equal to the extent, taken from the line of latitudes 
(Mer.), between the two latitudes where the chart is to begin and end 
(fuppofe between the latitudes 23° and 59°). 

Then the feveral degrees both of longitude and latitude, taken from 
thofe fcales, and feparately applied in their refpective places, will form the 
borders of the chart as required. a — 

The meridional difference of latitude is found by taking the extent, on 
the meridian fcale, between the two propofed latitudes, in a pair of com- 
paifes, and applying it to the line of Jongitude; then the number of 
equatorial degrees, and parts of degrees, being reduced to miles, will thew 
the meridional diff, latitude between thofe parallels. 

The fcale of longitude, which was put perhaps on all the two-feet 
Gunter’s (cales made before the year 1746 for common fale, had each 
degree of longitude rather Jefs than !th of an inch, and the meridian 
{cale fitted to that fize; fo that about $5 meridian degrees came within 
the length of the fcale: and confequently the charts conftru€ted from 
them had their degrees rather too {mall to be of much ufe to feamen, 
whofe inftruments and hands are not, ufually, fo nice as to work with 
tolerable accuracy on fuch fmall charts; and fuch fcales continue ftill to 
be made by fome workmen. But fince that time certain alterations, 
conceived to be ufeful, have been made in Gunter’s fcales by fome of 


the inftrument-makers, to whom they were communicated * ; and now. 


a degree of longitude is made nearly half an inch, anc is divided into five 
arts of 12 minutes each ; and the meridional degrees, fitted thereto, are 
in two lengths, or fcales ; the firft containing 40 degrees: and the other, 
beginning at 40°, extends to 68°; moft navigations being performed 
within thofe limits. : 
The fcale of logarithmic tangents, put on the Gunter’s fale, ts alfo a feale 
of meridional parts, or a feale of the difftrences of longitude to a courfe on the 
fourth rhumb, or to the rhumb making angles of 45 degrees, with the meri- 
dians, on a Mercator’s chart. 

For to the latitudes 0°, 5°, 10°, 15°, 20°, 25°, 30°, €fc.; the half 
complements are 45°, 422°, $0°, 372°, 35°) 3233 30 e. ‘Therefare, 
if on the fcale of log. tang. be fet the numbers §, 10, 15, We. againft 
the divifions reprefented by 45°, 422°, 40° &&c., and the intermediate di. 
vifions be eftimated accordingly; then will thofe divifions, taken as lati- 
tudes, be the log. tang. of their half polar diftances, or half co-latitudes ; 


. which (23) are analogous to the lengthencd degrees on the meridian ; 


and confequently (19) reprefent the differences of longitude on the srhumb 
of 45°. | | : | | 
| * By the author of thefe Elements, —s, 

Q4 ~ A fealg 


eS 7 as ~ 45 
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A fcale of equal parts, or a fcale of longitude proper to this fcale of 
meridional parts, may be found by the table, art. 13, p.137. Thus, 
taxe from the fcale of log. tang. marked as the fcale of mer. parts, as 
above faid, ‘the mer. parts to any propofed latitude; then that diftance, 
being divided into as many equal parts as there are mer. deg. ftanding 
againft that latitude in the table, will be the fcale of equal parts required. 

Thus. ‘The firft 20° of lat. which is the diftance from the tangent 
of 5° to the tangent of 35°, being divided into 20,4 equal parts, will be 
the {cale of lonzitude required. 

Alfo, the firit 30° of lat. which is the fpace between 45° and 30° on 
the log. tangents, gives 31,5 equatorial parts. 

And (which is the moft accurate among them) the diftance between 


_ the tan::ents of 45° and 223°, anfwering to the firft 45° of latitude, gives | 


55 equal parts, or degrees of the equator. 


84. PROBLEM I 


4 latitude and longitude being given, to find the correfponding place en the 
chart, Example. Lat.'32° 25’ N. long. 17° 21’ W, Plate XII. 


SOLUTION. 


1ft. In the graduated meridian * take the diftance between the pro- 
pofed latitude and the neareft parallel of latitude drawn acrofs the chart 
w.ia a pair of compafles, as between the lat. 32° 25’, and the parallel af 
29°. . 
2J. With other compaffes, take the diftance in the graduated parallel + 
be: gen the propofed longitude and the neare ft meridian drawn acrofs the 


‘cu. fty as between the long. 17° 21° W. and the meridian paffing through 
e ' i 


79° of longitude. 

3!. Slide the point of one compafs along the meridian of 20°, and a 
prat cf the other compafs along the parallel of 30°, keeping the points 
“t each par of compafles perpendicular to the line they flide along ; then 
wi! th: meeting of the other points of the compafles fhew the place cor- 
ref ootine to the givgn latitude and longitude ; which in this example is 
the ... ft end of the ifland of Madeira, . 

Tits problem ts mott readily folved by the means of fuch a moveable 
‘rar of longitude, as is defcribed and ufed in the foregoing problem. 

Or tnus. A meiidian drawn through the degrees of longitude given, 
and a parallel of latitude drawn through the given degrees of latitude, 
their interfection will be the place required. | 


CO LL A Tey i oP 


* The graduated meridian is the fcale of latitudes on the right or left hand 
perders of the churt, : as 


+ The grauuated parallel is the fcale of longitudes on the top or bottom 


~ oc-ders of the cnart, 


85. PRO- 
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85. PROBLEM UL. 


4 place being given on the chart, to find its latitude and longitude. 
Suppofe Palma, one of the Canary Ifles. Plate XII. 


SOLUTION. 


rft. With the compaffes take the fhorteft diftance between the, given 
place and the neareft parallel of latitude ; this diftance, applied to the gra- 
duated meridian from the faid parallel, the fame way the place lies, will 
give the latitude fought. Thus the diftance from Palma to the parallet 
of 30°, applied from 30° fouthward, gives 28° 35’ N. for the latitude 
fought. | : 

ad. In like manner, the fhorteft diftance taken between the given place 
and the neare/t meridian, being applied to the graduated parallel from that 
meridian, will give the longitude: thus the diftance from Palma to the 
meridian through 20, applied from 20° eaftward, will give 17° 21’ W. 
Jongitude. 


86. PROBLEM IV. 


Two places being given on a Mercator’s chart, to find their difference of 
latitude and difference of ‘longitude. | 
. Suppofe Cape Finifterre and the ifland of Porto Santo. Plate XII. 


SOLUTION, 


Find the latitude and longitude of each place; then the required dif- 
ferences are readily known. ' < | 
. C. Finifterre’s lat. == 43° 15’N. Long. == 9° 30’ W. 
By Prob. 1.4 19) Bono San@ovae,(=5.47 1¢ Nu Long ae <6 W. 
Diff. la. = 10 00 6D. Jong. = 6 a5 W. 





80, PROBLEM V. 


To find the bearing, or courfe, between two given places on a Mercator’s | 
chart. | | 
Suppofe between Cape Clear and the ifland St. Michael. Plate XIL 


SOLUTION. 


Lay the edge of a ruler upon Cape Clear and the middle of the ifland 
of St. Michael ; and, holding the ruler in this pofition, take the fhorteft 
diftance between the edge of the ruler and the center of the neareft com- 
pafs, or fly in a pair of compafics ; flide qne point of the compaffes along 
the edge of the ruler, till the other point cuts the border of the fy; and. 
the courfe will be found to be SW. b, 5. § W, nearly. 

And the like for other places. : 


PRO- 


at: 7 





qy i Bi Sahst | 
eT 


186 GLOBULAR SAILING. Book VIII. 


PROBLEM VI. 


Two places being givenon a Mercator’s Chart, to find their diftance. 


88. Case l. When the given places are both under the fame meridian, or 
under the equator. 


SOLUTION. 


Find the latitude of each place when under the fame meridtan, or therr 
longitudes if under the equator. 

Phen the difference of the latitudes is the diftance fought ; or, the dif- 
ference of longitudes is the diftance fought. 


89. Case Il. When the given places are both under the fame parallel of 
datitude. | | 
Suppofe between Cape Roxant and the ifland of St. George. Pl. XII. 


SOLUTION, 


Lay the edge of a ruler over the given places; take half the diftance 
of thofe places with the compaffes ; fet one point on the divifion cut by 
the ruler in the graduated meridian, and apply the other point upward 
and downward on the fame meridian, noting the degrees of latitude the. 
faid point falls on: Then the difference of thofe latitudes will be the dif- 
tance fought nearly. 

Thus, half the diftance between Cape Roxant and the ifland of St. 
George, will reach from 38° 40’, the divifion cut by the edge of a ruler 
laid over thofe places, to 45° 00’ northward, and to 32° 20/ fouthward ; 
the difference between thefe two latitudes is 12° 40’, or 760 miles nearly, 
for the diftance required. 

But if the propofed places lie in a parallel of Jatitude greater than jo 
degrees, it will come nearer the truth te work as follows : 

‘Take that meridional degree in which the parallel falls in the com- 
paffes ; and as many times as this diftance is contained ina Rraight line 
between the two places, of fo many degrees is their diftance to be efti- 
miated 3 which is reduced to miles as before. 

Thus the diftance between the latitudes of 38° 00’ N. and 39° 00’ N. 
will be contained about 123 times between Cape Roxant and the ifland 
of St. George, or the diftance will be 12° 40’, as before. * 

A third method, better than cither, is as follows: Confider what 
number of points and parts of a point is centained in the co-latitude 
of the given places. Extend the compaffes from one place to the other, | 
and fet this extent from the center of any one of the compaffes, or flies, 
that is drawn on the chart along the rhumb which sete: the number 
of points and parts contained in the co-latitude. Keeping one foot of the 
compafies in the point where it falls, fhut in the other until it will jutt 


weeny 


* Thefe operations depend on the following proportion : 

_As mer. diff. lat. + proper dit. lat. :: diff. long.: departure; which wilt 
difer but very litle from the meridional diftance, unlcfs the places are very 
far afunder. © : 

touch, 
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touch the meridian that paffes abe the center of the fly; and this 
extent being applied to the graduated parallel will give the diftance be- 
tween the two places in degrees, as is plain from the principles of parallel 
failing. 
@0. Case III. When the given places differ botb in latitude and longitude. 
Suppofe the Lizard and the ifland of Corvo. Plate XII. Fig. 4. 


_ 


SoLUTION,. 


Find the latitudes of the two places, and their diff. latitude. Take the 
diff. lat. in degrees and parts from the equator. 

Lay the edge of a ruler over the two places; and flide one point of the 
tompaffes along the edge of it, until the other point touches a parallel 
(without cutting it) 3 then, the other point refting here, take the dif 
tance from thence to where the edge of the ruler cuts this parallel, 
which being meafured on the graduated parallel, will give the diftance 
foupht in degrees. ; 

Thus the difference of latitude between Corvo and the Lizard is 10° 
69’; then 10° 00% taken from the graduated parallel, and one point of the 
compaffes applied to the edge of a ruler, laid in the direction cL, flide 
that point along ct till the other point touches the parallel of 50 degrees 
in E; then the diftance DL, meafured on the graduated parallel, gives 
about 20° 25/=1225 miles, for the diftance required. 

For, if the difference of latitude pz be taken on a meridian through c, 
from c to F; and the parallel of latitude FH be drawn, cutting the rhumb 
lige CL in H; then are the triangles LDE, HCF, congruous; and CH=DL. 
| ae (II. 95, 102) 

Now it is evident, that the parts of the triangle CFH, CGL, ee the 
fame proportion to one another, as have been fhewn in Art. 2§ of this, 
where cF is the proper diff. lat. cG the mer, diff. lat., Gi the diff. long. 
FH the departure, and cu the diftance: Confequently the diftance p1, 
found as above, is the true diftance fought. 


_ gt. PROBLEM VII. 


Given the latitude and longitude of the departed place, the courfe, and tBe 
latitude of the prefent place: Required that place on the chart. | 


EXAMPLE. 

A fhip from the ifland of Flores runs SE. b. S. 2E. till the finds her- 
felf in the latitude 27° 29’ N.3 required her prefent place. Plate XII. 
Fig. 5. | 

SOLUTION. 


Through the departed place, Flores, draw the given rhumb, viz. 
SE. b. S. 3E. and its interfection with the parallel of latitude drawa 
through the latitude of the prefent place, viz. 27° 29’, will give the thip’s - 
place on the cart; wiich will be near the land Ferro, or in lat. 27 


48/N, long. 17° 26’ W. 
: 7 Q2- PR O- 
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92. PROBLEM VILL 


Given the departed place, and alfo the courfe and diftance, to find the prea 
fent place on the chart. 


EXxA‘APLE. 

A fhip from the ifland Ferro runs NW. b. N. $W. gr miles ; 
what is the latitude and longitude of the prefent place? Plate XII. 
Fig. 5. : 

SOLUTION. 


Lay the edge of a ruler over Ferro in the pofition of the given courfe 
NW. b. N. W.; take the degrees, 15° 51’, in the given diftance, 95s 


miles, from the graduated parallel, and apply this extent from Ferro 
along the ruler’s edge to R; take the neareft diftance between R, and | 


a parallel pz drawn through Ferro, and fee how many degrees this ex- 
tent makes on the graduated parallel, which will be 11° 35’; thofe de- 
rees counted northward from Ferro will give 39° 23’ N. for the thip’s 
rade: then the point Q, where a parallel through this Jatitiide inter- 
fects the edge of the ruler, ftill lying in the firft pofition, will be the 
fhip’s prefent place. . 4 —_ | 
93- Lf the courfe is due eaf or wef? 


a ExAMPLE, | 
. A fhip from Cape Roxant fails due weft 760 miles: required her pre- 
fent place. Plate XII. | 


SOLUTION. ; 

Take half the degrees (viz. 6° 20’) in the given diftance 760 miles; 
add them to, and fubtract them from, the given lat. 38° 42’, noting the 
fum 45° 02’, and the remainder 32° 22’: then the extent between thofe 
degrees, taken in the graduated meridian, and applied from the given 
place weftward in the parallel, will give the fhip’s prefent place ; which 
will be near the ifland of St. George. 

Or thus, if the latitude be above 39 degrees: 

Take the length of a degrce in the latitude of the given parallel, as 
much above the parallel as below it; and turn this diftance over in that 
parallel, the fame way the courfe is, as many times as there are degrees in 
the given diftance, and this will give the fhip’s place. | 

Thus the length of a degree taken in the latitude 38° 42’, and turned 
over from Cape Roxant to the weft 12} times, the compafles will fall on 
the ifland of St. George. ' 

Or lay the edge of a ruler over the center of a fly, in the direStion of 
that rhumb-which makes an angle with the meridian, equal to the co- 
' Jatitude of the given place. “Take the number of degrees in the given 
diftance from the graduated parallel, and flide one foot of the compaffes 
along the edge of the ruler, until the other touches the meridian paffing 
through the fly. Keeping one foot fixed, in this pofition, by the edge of 
the ruler, open the other to the center of the fly; then fet this extent 
from the given place along its parallel of latitude, and it will give the 


prefent placg of the fhip, 
a | 94. P R O- 


a, 
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4. PROBLEM Im, 
‘Given the departed place with the difference of latitude and diftance: Rea 
quired the fhip’s place on the chart. . 


ao, i EXAMPLE. 
A fhip from q fails in the SE. quarter g51 miles, and then finds herfelf 
in Jat. 27° 48’ N., having altered her Jatitude 11° 35’: required her pre- 
fent place. Plate XII. Fig. 5. 


SOLUTION. 

‘Také the difference of latitude, 11° 35’, from the graduated parallel ; 
Jay this extent from Q along the edge of a ruler, lying north and fouth, to 
x; turn the edge of the ruler about x, till it lies in an eaft and welt pofi- 
tion: from the graduated parallel take 15° 51’, the degrees in 951 miles, 
the given diftance ; apply this extent from Q, to cut the edge of the ruler 
in v: let the points of the compaffes reft in Q and v, and apply the edge 
of the ruler clofe to thofe points ; then the point p, where the parallel of 
27° 48’ is cut by the ruler’s edge, is the fhip’s place required. 

Given the departed place with the courfe and difference of longitude: Re 
_ quired the foip’s place on the chart. — . 
: ' EXAMPLE. _ 

A fhip from P fails NW. b. N. 3 W.: required her place when fhe has 
altered her longitude 12° 53’. Plate XII. Fig. 5. : 
, a Ts SOLUTION. 

Take the given difference of longitude 12° 53’ from the graduated pa- 
rallel; flide one foot of the compaffes along the edge of a ruler laid on P, 
in the pofition.PQ of the given courfe, until the other foot juft touches a 
meridian PT drawn through P in T ; then will the point Q, where the foot 
refts agdinft the ruler’s edge, be the place required. - 


96. Uf the courfe had been due eaft or weft. 


EXAMPLE, 
A fhip from Cape Roxant fails due weft until fhe has altered her langi - 
tude 16°40’: required her place on the chart, ‘o. 


: SOLUTION. | 
Take the difference of longitude 16° 40’ from the graduated parallel: 
then this extent, applied from the given place, Cape Roxant, due weft, will 
give the place required, which is near the ifland of St. George. 


97. : PROBLEM XI. | : 
‘Given the ‘departed place, with the difference‘of latitude and departure: 
Required the fhip’s place on the chart. 


; , EXAMPLE. | 

A fhip fram Q, in lat. 39° 23/N., fails between the fouth and eaft till 
fhe comes into the lat. 27°48'N., having made by account 649 miles of. 
departure: required the fhip’s prefent place. Plate XII. Fig. 5. = 


SOLUTION, 

Take the given difference of latitude 11° 35/ from the graduated pa- 
rallel, and apply this extent from Q , along the edge of a ruler laid in the 
meridian of Q to x; take 10° 49/=649 miles, the given si a 

: a * rom 


» 


-2 
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from the graduated parallel ; fet one foot on x, and lay this extent eaftwarg 
‘to y. fo that xv be in a perpendicular pofition to'the ruler’s edge : lay the 
edge of the ruler on the points q and v, and where it cuts zp, the parallel 
of the thip’s prefent latitude in Pp, is the fhip’s place. 

Then the longitude, courfe, and diftance may be found as before. 
See Articles 85, 87, 90- | 


98. ' PROBLEM XIL 


Given the departed place, with the courfe and departuie : Required the foip’s 
place on the chart. 


ExAMPLE. 


A fhip from P, in latitude 27° 48’N., fails NW.b. N. 7W., until the 
has made 649 miles of departure : required her prefent place ; Plate XII. 
Fig. 5- 

SOLUTION, | 


Lay the edge of aruler over the given place p,in the pofition of the giverr 
courfe NW. b. N 3 W.; take from the graduated parallel 10° 49’=649, 
"the given departure, and flide one foot along the ruler’s edge, until the 
other foot juft touches a meridian pT, drawn through P in $s; the diftance 
sp, applied to the graduated parallel, gives the diff. latitude ;. and confe- 
quently the prefent latitude is known: then where the ruler’s edge, lying 
in the {ame pofition, cuts the prefent parallelel of lat. TQ, as in Q4 3s the 
place fought. 


99- PROBLEM UXIll. 


Given the departed place with the diftance, and departure : To find the fhip’s 
prefent place on the chart. 


ExAMPLE | ; 
A ‘thip from Q, in lat. 39° 23’N., in failing between the fouth and eak 
g51 miles, found fhe has made 649 miles of departure: Where is the pre- 
- fent place of the fhip ? Plate XII. Fig. 5. 


SOLUTION. = 


From the graduated parallel take 10°49’=649: miles, the given depar- 
ture, and lay this extent from Q to 0 directly ealt; with the extent 15° 5’ 
- Z=Q51 miles, the given diftance, taken from the graduated paralle), one 
foot being fet in Q; with the other foot cut the edge of a ruler laid on Oy 
as a meridian, in v3 then ov, meafured on the graduated parallel, gives 
the diff, latitude, and confequently the prefent latitude 27°48" will be 
found : lay a ruler’s edge over Q and v, and where it cuts the parallel of 
27° 48’, as in P, is the fhip’s place required. 


SECTION 


a —— —_——__ 
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SECTION VII. 
Of failing on.a Great Circle of the Sphere. 


100. GREAT CIRCLE SAILING is the art of finding what places 2 
fhip muft go through, and what courfes fhe muft fteer, that her track 
may be in the arc of a great circle (or nearly fo) pafling through the 
place failed from and that bound to, : 


Although Mercator’s failing refolves truly -all the cafes incident to-a 


- fhip’s courfe along the rhumb pafling through two lea 3 yet there is 


no cafe in which the courfe performed on the direct rhumb line is the 
fhorteft diftance between thofe two places, except when they both lie 
under the fame meridian, or on the equator. 


For, on the fphere, the fhorteft diftance between two places is the arc 
of a great circle intercepted betweery them (IV. 23); confequently the 
fpiral, or rhumb, paffing through thofe places, is not the fharteft diftance, 
except when that rhumb corncides with a great circle, which can only be 
en a meridian, or on the equator. . 


It is chiefly on account of the fhorteft diftance that this method of fail- 
ing has been propofed ; and, for the moft parf, it is advantageous for a 


‘fhip to reach her port by the fhorteft way the can. 


As the folutions of the cafes in Mercator’s failing were performed by 
plane triangles; fo the cafes in great circle failing, are refolved by the 
folution of {pheric triangles. 


A great variety of cafes may be propofed in this kind of failing ; but as 
they ferve rather for exercifes in the folution of fpheric triangles, than for 
any reat ufe toward the navigating a fhip, thofe which appertain to one 
Problem only will be here more particularly confidered, as they are the 
moft ufeful cafes that ufually occur. 


ror. The angle of pofition, is an angle which a great circle, pafling 
over two places, makes with the meridian of one of them; and fhews the’ 
angular pofition of one place from the other. 


PROBLEM. 


Given the latitudes and longitudes of two places on the Earth: Required 
their neareft diftance on the furface, together with the angles of pofttion from 
sither place to the other. 


_ This Problem may be branched into fix Cafes. 
102. Case lI, When the two places lie under the fame meridian. 
SoLUuTION. Their difference of latitude will give their diftance ; and 


the pofition of one from the other will be directly north or fouth. 
103. Case - 


~ 
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103. Case ll. When the two places lie under the equator. 


- Sotution. Their diftance is equal to their difference of longitude, 
and the angle of pofition is a right angle, or the courfe from one to the 
other is due eaft or weft. 


104. CASE III. When both places are in the fame parallel of latitude. 


ExampLe. What is the leaft diftance between St. Mary’s, in latitude 


37° 00 N., longitude 25° 0' W., and Cape Henry, in latitude 37° 00', lon- 


gitude 76° 23 W.? 


GENERAL Construction. Plate XIII. Fig. 25. 


rft, Defcribe a circle PEsSQ, repreienting the meridian of one of the 
places, fuppofe of the eaftern one, as St. Mary’s ; draw the line EQ, repre- 
fenting the equator, and at right angles to it draw the line ps, for the 


axis of the earth, the extremity of which, P, is the north pole, and s is the 


fouth pole ; and on this circle lay off from Pp to a the complement of the 
latitude of (St. Mary’s) the eaftern place. 


2d. On the equator, lay off from q toc (IV. 70) the difference of 
longitude between the two places (51° 23’); and through P, ¢c, 5s, 
(II. 72) deicribe the circle Pp ¢ 8, which will-be the meridian of the other 
place (Cape Henry) ; on which Jay from p to B the co-latitude of this 
place ; whichis done by defcribing the arc A@ about the pole p (IV. 68) 
at the diftance of the co-latitude, F 


3d. Through the points a, B, D, defcribe a great circle aBp. (II. 72) 


_ Then a reprefents one place (St. Mary’s), 5 the other (Cape Henry) ; 
pa and PB are their co-latitudes ; the angle apB, which is meafured by 
the arc ac (IV. 9), is the diff. long.; the are aB is the neareft diftance 
of thofe places; the angle PAB is the angle of pofition from A to B; and 
the angle psa is the angle of pofition from B to A. 


The arc aB may be meafured as directed in Art. 70. Book IV. 


And the angle pas, or PBA, as fhewnin Art. 72. Book IV. 

Now the places having the fame latitude, pa is equal to PB, and 
4 PAB=ZPBA (IV.90). Therefore, if the arc P1 be defcribed (IV. 75) 
making the angle apI=25° 41%’, the half of the difference of longitude ; 


PI will be perpendicular to AB, and bifect ite] : 


And in the triangle Alp, right-angled at 1, there iat be given the hy- 
pothenufe ap=53° 00’; the L api=25° 412’: to find the leg ar=half 
the diftance fought, and the 2 pPA1=the angle of pofition. | 


The folution falls under Art. 130,132. Book IV. . ” 
| @ 
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To find the diflance. 
As radius, ~~ Or, As rad. _ == go®co’ = 10,0900 
To fin. hyp.. Pa; To co-f, lat. = 37 00 9.90235 
So fin. giv. ZaPt, So fin. 2 diff. long. == 26 412 9,63702 
To fin. leg Als. « To fin. 2 diftance: = 20 1s 9153937 


Which doubled, gives 40 3 efor thedift.an. 
And this 40° 31 reduced to nautical miles, is 2431, which is 31 miles lefs 
than 2462, the diftance given by parallel failing. See Art. 42 of this. 


Lo find the angle of pofition. 





As radius, — Or, As rad. == 90° 00° 10,000009 
To co-f.hypoth. Pa; To fin. lat. * = 37 00 "9377940 
So tang. giv. ZAPI; So tang. £ diff. long. = 25 41 =: 9, 68222 
To co-t. LA. To Conte 2. pofit. = 73°51 9:46:08 


It appears by this, that to fail from a to B, or from B to A, the fhip 
muft firft fteer N. 73° 517W. or E.; and then gradually increafe her 
courfe till fhe comes to 1, where it will be due W. or E.; and from thence 
the courfe is to be gradually diminifhed again till fhe comes to the other 

t, where it will be 73° 51’, the fame as fhe fet out with: But how 
thefe courfes are to be thus altered will be fhewn hereafter. 


105. ee IV. When one place bas latitude, and the other kas 
none, or is under the equator. 


Examrte, What is the neareft diftance between the Iftand of St. Thomas 
in lat. 0° 00°, and long. 1° 00’ E., and Port St. fukan, tn lat. 48° 51’ 8. 
and longitude 65° 10! W. ? | 
_ Port St. Julian, in lat. 48°51" S. Long. 65°10’ W, 
il. St, Thomas, i inlat. © 0 00 | Long. 26co E, 








" Julian’sco-iat. = gt 0g Diff. long. 66 10 


Gare 





1 : By ConsTrrucTrion. Plate XIII. Fig. 26. . 
Let the point a be St. Thomas under the equator, the poles of which’ 


‘are P and Ss. 
\ Make ac, the meafu e of the angle as¢, equal to 66° Io’=diff. Ps , 


Then as Port St. Julian is in fouth lat., «bout s the fouth ae at weg 
diftance of Julian’ s co-lat., defcribe the arc aa, cutting sep, the meri- 
dian of Julian, in B. (LV. 65.), “9 

Through the points Ay B, E, a 1 great circle being defcribed arc AB 
ge the diftance fought. 

The diftance AB may be sheafured by Art. 70. Book IV., 

And the angles of pofition at a and B are to be meafured as directed in 
Art. 72. Book IV. | | ; 

* For the cbmplement of a complement is the. arc icfelf: ‘Thus Qa, ‘or the 
diftance from the equator, fhews the lat. But ‘ga is the comp. ‘Ot ar; and 


ap of aQ. 
Von. IL R — Compye 


yo” 


~~" eee “eee ee 
ep 
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CompuTATion. In the quadrantal triangle ass, there is 
Given the co-lat. of St. Thomas, ar As=g0’ 00’) = ‘The refl are found 
the co-Jat. of Julian, SBI 4I Cg t, in Art. 162, Book 
the diff. longitude, ZasB=66 10 JIV. 
Or, in the fupplemental triangle acs, right-angled at c, there is 
Given the lat. of St. Julian’s, or the leg cpa= 48° 51% 
the diff. longitude, orthe lez cA=66 10. 
The folution falls under Article 140. Book IV. ~ 





To find the diflance AB. 
As radius, — {Or, As radius = go* 00’ 10,00000 
To co-t. either leg ; To co-f. diff. long. ac == 66 10 9260646 
- So co-f. other leg, So co-f. diff. lat. cB == 48 51 9,81825 
To co-f. hyp. To co-f. dif, AB = 74 35 - 9.42471 


So that th~ dift. ap=74° 35’ is 4475 miles; which is Iefs by 57 miles 
than the diftance found by Mercator’s failing. : 


To find the angle of pofition at a. (IV. 139.) 


As radius, Or, As radius == 90° co’ 10,00000 
To fin, leg ac; | To fin. dif. long. ac = 66 10 9,99129 
So co-t. keg cB, Soco-t. diff lat, cB = 48 491 9.94140 
"To co-t. op. Z A. To co-t. Zpefit. at a = 51 22 990275 





Zo find the angle of psfition at Bi 


As radius, Or, As radius == 90° 00’ 10,C0000 
To fin. lee cb; To fin. diff. lat. cB == 48 51 987679 
So co-t. leg ac, So co-t. diff. long. ac = 66 10 9,64517 
To co-t. op. ZB. Toco-t. Z pofit. at B = 71 36 9,52196 


Gees Soe 


So that a fhip failing from the Ifland of St. Thomas muft firft fhape 
her courfe 8. §1° 22° W.3 and then by conftantly altering her courfe to- 
wards the weit, fo as to arrive at Port St. Julian on a courfe S. 71° 36/W. 
fhe will have failed the fhorteft diftance between thofe places. 


106. Case. V. When the latitudes of the given places are both 
north, or. both fouth. | ' 


EXAMPLE. What is the nearcft diflance between the Lizard and the 
Tfland of Bermudas; and alfa the angles of pofition at each place ? . 
The lizard in lat. 49° 57’N. and long. 5° 21°W. . 
If, Bermudasin lat.32 35 N. and long.63 32 W. 


eee EEED 5 


Diff. long. 58 11 


By Constrructrron. Plate XIE. Fig. 27. - ; 


Make PA=57° 25’, the co-lat. of Bermudas ; Pa=40° 03’, the co-lat. 
of the Lizards and (IV. 68) with the tang. of ra defcribe the sl 
Wi 


——— oe 


va “eee | i — 
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With the fecant, of 58° 11’, the diff. long. (IV. 76), defcribe arcs from 
P and s, which give the center of the circle Pcs, the meridian of the Li- 
zard ; its interfection with a a gives B the place of the Lizard. 

Defcribe a great circle throuch a, B, D, (II. 72), and the intercepted 
arc AB is the diftance fougint ; and the angles PAB, PBA, are the pofitions 
required, 

The diftance aB may be meafured by (IV. 70); and the pofitions by 

IV. 72. 
Had i eaftern place, the Lizard, been put on the primitive circle, the 
great circle AB would have been difficult to defcribe ; and therefore thé 
weitern place was put on the primitive circle, it being a matter of indifs 
ference which of the places is fo taken. 

CompuraTIon, In the oblique fpheric triangle APB. 

Given Bermudas’s co-lat.. PA=57°25 | 
Lizard’s co-lat., PB==40 03 Regie the reft. 
Diff. longitude ZaAPB=58 11 | 

The folution falls under Art. 151. Book IV. 


To find the diftance AB. 





As radius, —_ Or, As radius = 90°00 10,00000 
To co-f. giv. 23 To co-f, diff. long. ZAPB== 58 11 9:72198 
So tang. eith. fide, So tang: Berm. co-lat.PA== 57 25 10,19442 
To tang. mM. To tang. fourth arc == 39 31 9:91640 


Which take from Lizard’s co-lat.—= 40 03 


Leaves a fifth arc 








=. (0:32 == Ny 

As co-f. mM, — As co-f, foyrth are ‘ox 39 31 0,11270 
To co-f. n 5 | To co-f, fifth are == 0.32 9:99998 
So co-f. fide 1ftufed, {So fin. Bermudas lat. =a92 46 9.73121 
To co-f, fide required.) co-f. diftance as = 45 44 9,84389 


To find the angle of pofition PBA. (IV. 150). 


As this angle is oppofite to the fide ufed in the firft proportion, eacrelore 
the fourth and fifth arcs here ufed, are the fame as above. 


As fin. n, “ ~ [As fin, fifth are = 0°32" 2.03113 
To fin. M; To fin, fourth are’ = 39 31° 9,50366 
So tang, given 2, So tang. diff. long. 2 apB == 58 11 10,2073L 
To tang. req. 2. |To tang. Z polit. Z PBA == 89 29 —S_12,04210 





7 To find the angle of pofition PAB. 
The other parts being found, this angle may be found by the proportion 
between oppofite fides and angles. Thus; 





As fin. PA, Or, As fin. Bermudas’ scOslat== ‘57° 23° 0.07437 
To fin. 2 PBAj” To fin. Z,pof.at Lizard == 89 29 ~~ -9,99998 

_ So fin. Bp, So fin. Lizard’s co-lat. == 40 03 —g,80852 
To fin. £2 PAB, To fin. Zpof.at Bermudas= 49 47 9:88287 
R 2 oo Or, 
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Or, working by Art, 150. Book IV. the fame angles would be ob- 


" tained, 


Had the two firft proportions been worked with the Lizard’s latitude in-' 
ftead of Bermudas’s, the fame diftance would have been found. 
So the fhorteft diftance between the Lizard and Bermudas is 45° 44’, 


or 2.744 fea miles; which is 56 miles lefs than the diftance found by 


Mercator’s failing. | 

And a fhip to run this fhorteft traét muft fail from the Lizard: S. 
89° 29’ W., and gradually Icflen the courfe, fo as:to arrive at Bermudas 
on the rhumb bearing S. 49° 47'W.: whereas the dire courfe from one 
place to the other, as found by Mercator’s failing, is $. 68° 09’ W. 


~* 307. Case VI. When one of the given places has north latitude, 


and the other has fouth latitude. 


Exampie. What is the neareft diftance froin the Ifland of St. Helena ta 
the Ifftand of Bermudas; and alfo the angles of pofition at each place ? 
Ifland of Bermudas in lat. 32% 35’ N. and long. 63° 32/W. 
Ifland of St. Helenain lat. 15 55S. andlong. ‘5 49 W. 
Diff. long. 57° 43° 


By Construction. Pi. XIE Fig 28. 
Make QA=15° 55%, the lat. of St. Helena; defcribe the arc aa about P 


LV. 68) with the tangent of pa= 57° 25’, the co-lat. of Bermudas. 
Ares defcribed from P, s, with the fecant of 57° 43’, the diff. long., will 


t 


‘give the centre of the circle pcs, the meridian of Eermudas; and its in- 


ter fection B with aa, is the place of Bermudas. ; 

' Deferibe a great circle through A, B, N; the intercepted arc aB is the 
diftance fought, which may be meafured by IV. 70; and the angles PAn, 
ABs, are the pofitions required, which are to be meafured as directed in 


Art. 72., Book IV. 


CompuTAatTion. In the oblique fpheric triangle app. 
Given PA= 105° 55, St. Helena’s lat., added to go” 5 or its N. pol. dift. 
PeE= §7 25, Bermudas’s co-lat. - 
£. APB 57 43 , their difference of longitude. 





To find the reft. The folution falls under Art. 150, 151. Book IV. 
. Lo find the diflance AB. 
As radias, Or, Asradins == 96° oof 10,C00ce 
Toco-f. Z2P{ To co-f{7 diff. long. = 57 43 472763 
So tang. PB, _ , So tang. Berm. co-lat, == $7 26 10,194.42 
To tang. M. “To tang. fourth are = 39 53 “9192205 
: * Which taken from =105 55 = St, Helen’s N, 
ae [polar dift. 
Leaves a fifthare — = 66 o2==N: 

As co-f. s, Or, As co-f. foarth arc ° = 39°53 _ ©,11g0P 
To c0-f. nN} To co-f. fifth arc = 66 02 950874 
So cof. PB, So fin. Bermudas Jat, == 32 45 9,73125 
To co-f, aa. . To coef, .iftance == 7326 ° 9545496 
Le 
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To find the angle of potion PAB. 


The fourth and fifth arcs being found as before. © 


As fin, n, Or, As fin. fifth arc == 66° 02/ | 0,03916 
To fin. mM; ; To fin. fourth arc = 39 53 9.80701 
So tang. LP, So tang. diff. long. = $57 43 10,19944 
. Totang. 2a. To tang. Zpdlition pas == 48 00 10,04561 
- woe | 
To find the angle of pofition ABP. 
As fin. BA, _ {Or, As fin. of dift, _ ‘== 73°26’ 0,01841 
To fin. ZP3 To fin. diff. lone. - == 57 43° 9392707 
So fin. PAs So fin. St. Helena’s N. P.dift.—105 55 9,98302 








To fin. ZLABP. To fin. Zpofition ap = 58°01’  9,92850 


m - 


But becaufe the given difference of latitude is lef than 90”, and the fide _ 


PA greater, the angle aBp mult be greater than 90°; and is, therefoye, 
121° 59’, which is the fupplement of 58? o1%. 


So that were a:fhip to fail from St. Helena to Bermudas on the arc of 
a great circle, fhe muft firft fhape her courfe N. 48° 00’ W., and gra- 
dually alter it from th~ north towards the weft, fo as to arrive at Bermu- 
das on a-courfe N. 58° o1/ W., after having run 73° 26’, or 4406 fea 
miles. ‘ . 


The corrfe found by Mercator’s failing is N. 48° 45/\V’., and the dif 


tance is 414 miles. : 


By this it appears, that when the places are one in N. latitude, and the 
other in S. latitude, and neither of them far from the equator, there is 
but a {mall difference between the refults found by Mercator’s and great 
circle failing : for near the equator the rhumb lines do not differ greatly 


from great circles. 


From the folution of the foregoing cafes it is plain, that to fail on the 
arc ofa great circle, the fhip muft continually alter her courfe. But as 
this is a difficulty too great to be adinitted into the practice of Navica- 
tion, it has been thought fufficiently exact to effect this bufinefs ty z 
kind of approximation ; that is, by a method which nearly approaches to 


- failing on a great circle. 


108. The principle upon which this approximation is fottnded, is that 


“in fmall arcs, the difference between the arc and its cherd, or tangent, is fo 
Jmall, that they may be taken one for the other in any nautical operations. 


v 


: R3 Upon 
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Upon this principle, the great circles on the earth are fuppofed to be 
made up of fhort right lines, each of which is a fegment of a rhumb 
line. 

And on this fuppofition the folution to the following Problem is 
founded. : | l 


PROBLEM II. 


109. Having given the latitudes and longitudes of the places failed from 
and bound to, to find the fucceffive latitudes on the arc of a great circle in thie 
places where the alteration in longitude fhall be a given quantity 5 together 
with the courfes and diftances between thofe places, 


—_ = 


SOLUTION. 


* 


I. Find the angle of pofition at each place, and their diftance by one of 
the preceding fix cafes. , 


ry 
th Rs a ai 


II, Find the greateft latitude the great circle runs through; that is, 
find the perpendicular from the pole to that circle; and aifo find 
the feveral angles at the pole, made by the given alterations of 
longitude between this perpendicular and the fucceflive meridians 

f come to. | 


JIT. With this perpendicular, and the polar angles, feverally, find as 
many correfponding latitudes, by faying (1V. 148): 
As rad, : tang, greateft lat.:: cof sft. polar Z : tang. 1ft. lat. 


¢: ccf. 2d. polar Z : tang. 2d. lat. 
Oe. Se. 


IV. Having the feveral latitudes paffed throuzh, and the difference of 
longitude between each, find, by \iercator’s fuiling (57), the 
courfes and diftances between thofe !atitud.s, and thele are the 
feveral courfes and diitances the fhip muft run to keep nearly 
on the arc of a great circle. | 


The fmaller the alterations in longitude are taken, the nearer will this 
-method approach the truth; but it is fufficient to compute to every five 
degrees of difference of longitude: the length of an arc of five degrees 
differing from its chord or tangent only by 0,00023; as may be found 
from the Articles 25, 3f, 33. Book III. : 


110. QuesTiION 1. A forp bet g bound from a place in lat. 37° 00 N, 
Jong. 22° 50° H”., ta.a place in the foine late and in long. 76° 23°, it-is 
propojed fhe fool! fail as near the are of a great circle as joe can, by ‘altering 
her ceurfe ai every five degrees difference of lorcitude 5 required the latitude 
at cach time of aitering the courje, and aljo the courfes, and diflunces between 
thie feveral latitudes, | 


5 
ee ce i a, scm sce, capt mcs ECAC sn, 


Lat, 


, 
kK > El ee ee 


o 
8 
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Lat. of the place failed from is 37° oo N. the long. "22° 66 W, 
Lat. of the place bound to is 37 go N. the long. 76 23 W. 


The diff. of long. 53 27 





The figure being defcribed, and the computation made as in Art. To4. _ 


the diftance Ba is found to be 42? 06’, andthe LA or &B=73° 09’, the 
angle of pofttion, Plate XII. Fig. 29. | 

Now the triangle App, being ifofceles, the perpendicular pr falls in the 
middle of AB; and the latitudes, courfes, and diftances, being known in 
running the half Bi, thofe in the half 1a will alfo be known. 

Let the points a, 4, c, d, &c. be the p'aces arrived at on each altera- 
tion of five deerces of longitude: then will the arcs Pa, Pd, Pc, Pd, &c. 
be the refpective co-latitudes of thofe places, and are the hypothenufes of 
the right-angled {pheric trianzles pia, pid, Pic, Pid, &c. 





As rad. _ == go 00’ 10,00000 
In the triangle pip. ‘Lo fia. PB = §3 CO _-»9,90235 
Given PB == 5,°00 Sofin. ZB = 7309 = 9,98004 
. LPBi == 73 09 
To find pi. : To fin. pr = 49 51 988329 





ts) 4 
NowZ 1ep=(23-*7) 26° 433°; LIPa=21° 432’; L1Pb=—16° 432’; 
LIPC=11° 4375 L1Pd=—6° 432’, are the feveral polar angles. 
21° 433'| 16° 433/| 11° 432/| 6° 43) 


Qe? Gee Se | EE wa 

















Then rad. _ ==t go° co” 10,00000} 10,00000} 10,00000] 10,00000 
To co-t. Pt = 49 5! 992612! 9,92612| 9,92612| 9,92612 
So co-f. polar angle , + 9296800} 9,98123) 999084] 9,99700 
To tang. lat. - 989412) 9:90735| 9.91696) 9.92312 








Which are ~  — 3:89 b5' 38° 561 39° 33] 39° 57° 
The degrecs and min. fet over each column, are the polar angles ufed 

in that proportion, and the corrcfponding latitudes ftand at the bottom. 
11l1~ The firft term of thefe proportions being radiu-, and the fecond 

term conftant, the operations may be very expeditioufly performed thus : 
On a flip of paper let the log. of the fecond or conftant term be writ- 


ten of the fame fize with the printed figures ; apply this log. cot. fuccef= | 


fively to the Tog. co-fines of the polar angics: ‘Phen the fum of the two 
logs. being written down each time, will give the log. tangents of the 
feveral latitudes arrived at. 


By this method, each proportion will be worked by writing down only. 
one line. - 


Hence it appears, the fhip mutt firft fail from the lat. 37° oo/N. to lat. 
38° 05’N.; thence to lat. 38° 55’ N.; thence to lat. 39° 33’N.; thence to 
Jat. 39° 57’N. 3; thence to lat. 40° o9/N., which is the preate(t latitude 
fhe muft goto; and from.thence fhe muft proceed througn the latitudes 
39° 57's 39° 33's 38° 56's 38° 05’, and fo to 37° 00%, the parallel the ict 
out from, and in which fhe is ve the place fhe is. bound to, 

- Now 


~ 





eyoc gS, SHIEH SUL 





200 ‘GLOBULAR SAILING. Book VIII. 


Now between thefe feveial latitudes, with the refpeclive difterences 
of longitude, find, by Mexcat. ‘g failing, Art. 57, the courfes and dif- 
tancés. ; 4 

If the refults of the feveral operations, in the queftions of great circle 


failing, be entered in fach a table as the following, it will be found of 
fome convenience to the operator. 7 
a! 










acccsi.| pucceit.) Daft. | Dur. | Mera. livieria. | 
longs. | lats. | lopg.| lac. | parts. | d. lat. 


2392,6 


-Polar angles. Cour. 





LUPB 26° 432/|22° 56’ |37° 00° 
4iPa 21 43% 127 59 123 o§vt-00 | 65 | 2474,6| 82,0 |74 43 
Z£1Pb 16 43% (32 56 138 56 |3co | 58 [2539.8] 65.2 | 77.44 
Zipe 11 432 137 55 |39 33 |300 | 37 | 2587.6) 47,8 | 80,57 
Lirpd 6 43% 142 56 [39 57 |300 | 24 | 2618,3| 31,2 | 84,04, 

149 392/40 09 |403,5 | 12 wes 1557 | 87.40 





a ee 











1261.9 





. Inthe firft column are the angles at the pole contained between the 
perpendicular and the feveral meridians differing by 5° of longitude. 

In the fecond column, the departed longitude 22° 56’ being increafed 
hy the differences of longitude, make the fucceflive longitudes come to. 


In the third column are the fucceffive latitudes pafled through in faile | 


ing from the place fet out from-to the greateft latitude. 

In the fourth and fifth columns are the differences between the longi- 
tudes and latitudcs in the fecond and third columns. 

Inthe fixth column are the meridional parts to the (ucceffive latitudes ; 
and in the fevénth column are the meridional diff. of latitudes.. 

The eighth aad ninth columns contain the courfes and diftances be- 
twecn the places anfwering to the fecond and third columns. os 

The numbers in the third, eighth, and ninth columns, are found by 


working the logarithmic proportions on a wafte paper; but the work is 
here omitted, as it is fo eafily fupplicd. 


Now the column of diftances being fummed up amounts to 1261,9 5 


which being doubled gives 2523,8 miles for the diftance between the two 
places. 


And the courfes the fhip muft fteer are, 1ft. N.74° 43/W.; ad. N. 


97° 44/W.3 4d. N. 80° 57/W.; qth. N. 84° 04/W.3 sth. N. 87° 


40’W.; 6th. S. 87%46’ W.; 7th. S. 84° 04’ W.; 8th. S. 80° 57’ W. ; 
oth. S. 77° 44/W..5 roth. S.74° 43’ W.: and on thefe courfes fhe muft 
sun the rcfpective diftances ftanding againft them, — 


112. Question II. Jt is propofedthat a fhip, bound from the Lizard to 
a place in lat. 32° 25’ N. and lomz. 65° 45//V. fhall fail on a great circle 
and alter ber courfe at every five degrees of longitude ; required the latitudes 
through which the hip ts to pafs, and alfo the courfe and diftance between each. 
The Lizard’s lat. is 49°57’N. Long. 5°21’W. dng a ee 
Lat. place bound tois 32 25 N. ‘Long. 6% 45 W. i Diff. long. 61° 24. 
Having defcribed the figure, Plate XIII. Fig. 30, and foundthe 2 PAB 
=49° 35%, the 2APBA=87° 15/, and the fide AB=47° 54’, asin Art. 106. 
. Draw 


OO ee 


. | “5° 1a4g® 57" a6. 134598 


A 


Book Vill. GLOBULAR SAILING. 201 


Draw Pi at right angles to ABD. (LV. 73) 
In the equator, lay off from the center-the tangents of §, 10, 15, 20, 
fc. to §5 degrees; and thofe points give the centers to the arcs of co- 


lat. to every 5° diff. longitude. (av. 75 ) 
To find the perpend. Pt. Ta find the ee eh | 





- Now the polar angle Apr, or the diff, long. between the perpend. PI 
-and the meridian of the place bound to, 57° 48’, being taken from 61° 
24%, the whole diff. long. leaves 3° 36’ for the diff. long. between the 


Lizard and the point 1. Alfo 5°, the propofed alteration of longitude, 
being fubtraéted as often as can be from 57° 48’, leaves the feveral polar 
angles ; with which, and the perpendicular pi the feveral latitudes arrived 


at are found by Art. ITI. 


Then having thofe latitudes, and the differences of longitude between . 


them, find the fucceffive courfes and diftances by Art. 57. 

Let the feveral refults be -placed as in the following table; the l6gae 
rithmic work being performed on a wafte paper is here omitted. 

Alfo, fuppofe the {mall letters in the figure fupplied. 


——Succeil. |Saccefl.|Diff |Ditt.| Merid. Merid.|, ed np; 
Polar angies. longs. | lats. |long.jJats. | parts. | a. lar. Courfes| Difts. 





| Gee 





quewaseee | anes | eee jem) | 





ee " .,7 (88° 45/1 
ite 3° 36 : a 52 : 168 2[34745 ah 38-46 ion 
ao z 48 se 2. 49 3°) 300 14|347 4) 21,7(85 52] Iy94.2 
a {2 4 6 fs ud 7 300 C af a 60 78 33 200,6 

ird 17 48)? ae : 37 | 300! 55 ee | 82,5174 37] 20733 
Lipe 22 48 - a ue ae zoo! 7! eae 104,3'70 50] 216,3 
Lirf 27 48 38146 381 355) gx[StOO4 426.2167 10] 226 8 


Lirg 32 48/41 35145 03 300 106/30? 147,8163 46, 229,8 





6 38 i 
Cink 37 Aa 3843 17) Joo) aricrys hse fs) 335 
Jere 42 Heres 58 (38 42} 300] M4 Plzgz0,5) 278. Bl ane 
rpk 47 48/59 39/39 4 ’ 2198 53 46; 296,1 


oo] 175 
Lipl 62 48/01 38135 46 3 2 300,7 
5% #66 38/32 25 a ate ae a4e7 yh ne seat 
7 
a Gare aie naa 
- Now the fum of the feveral diftances make 2871,8 miles, 
But the diftance in the arc of a great circle is 2874 miles. 
The difference of the two methods is therefore 2,2 miles. 


In this example it was judged neceflary to keep the fractional place in 
; the meridional parts, in order to have the diftances more accurate. 


long. 6° 15/ W. to a place in tat. 32° 25/ N. long. 66° 38' W. it ts prom 


| pofed foe shall fail near the arc of a great circle paffing through thofe p pe 
| : an 


ee ge ee eee 
* 


"As rad. == 90°00’ 10,00000 | As rad. = 92 0q’ 10,0000. | 
To fin, PA == 57 35 «| «992643. |Totang. 24 = 49 35 © 10,06978 
So fin. ZA °° ==-49 -35 9,88158 | So cof, AP. == 32 25 #9.72928 
To fin. Pi = 40 co 6©=_- gp, 80801 | To cot, ZaPl = 57 48 9,79900 


113. QuEsTION III. 4 foip being bound from a place in lat. 16° oo’ §. : 
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and alter her courfe at every §° of lzngitude : required the latitudes where 
thafe courfes are to be altered, and cho the courfe and diflance between each 
place of alteration. 7 
Lat. of place failed from 15°00’ §. Long. 621¢’W.) ... ; 
Lat. aaa bonad to 32 25 N. ae 66 38 W. i Dift. long—=60° 2 3”. 
Having deferibed the fieure, Plate XIII. Fig. 31. and found the Z Pea 
=120°.15'; LPAB=49” 20'3 and the diftance AB=75° 39/3 as in 
Art. 107. 
- Inthe equator aF, lay off from F the tangents of §° ro" 15°, &se. to §5°3 
and thofe points will give the centers to the meridians pafing through 
every five deg, of long. between the two places. 


To jind the perpendicular. | To find the polar Lori. 
As rad. <= 90? 00° 10,02¢609! A: rad. == go 00% = 19,00000 
To fine PBR 57 36 9.92643] Fo co-f: gp = 57 35 -9s72922 
Solin. Z pai = 59 45 G,93643| So tang. Z par == 59 45° -10,23419 








To fin. Pl — 46 49 9,:85285|To cot. 2 sper — 47 25 9,96241 

Now the feveral polar angles, longitudes, latitudes, diff. of lonirsey 
diff. of lats., mer. parts, mer. diff. of lats., courfes and diftances, being 
computed on a wafte paper, their refults are to be entered ina table as 
follows : | 


Succeil.|Succefl. Ditt. Litt. [Mer.| Mes. 
longs. } lat. florg.! Jats. parts.id. lat, 
6° 15/116°00'S 


| 73 64 148° 39° | 386, 
Zipl =102°48/int oacdiy 500) 255) Fog | 204 148° 39’ | 385,0 
{Lipek = g7 as 16 : 7 2 300| 269) 709 272 147 48 | 400,5 


Polar angles. Courfes. 























= 300, 278) 437) 259 47 os | 408.3 
CUTS BE ASE 15] 2 38 | 300) Er] Hse 208 [a2 oF | 408s 
joipg = 82 48131 15] 6 43 | 39% 279 | 280 146 58 | 408,8 
LIPf= 77 48/36 aster 13 | 300) 270 . a 273147 42 | 402,2 

VLire= 72 48]qr aslig 31 | 3¢) 258) 077) 266 [48 26 | 3888 
Lird= 67 48/46 15] 9 32 | 30° 241 ae 252 149 51 | 37457 
Lire= 62 48\c1 15|23 13 3c, ae a2 | 238 SE 34 | 35555 
L1P6= 57 48/56 15126 34 ors Bea oe 221 153 37 | 3389 
LiP@= 52 4861 icf2 i 300; 180 me 204 155 47 | 320,1 

: = 54 4 »1*9 34 222 171), 3 B66 Bor og 
, 66 38132 25 | 3 | 2058 5 4 | 324, 1 
| | 4519-3 


114. The track of a fhip when cireGed nearly in the arc of a great Cir- 
cle, as in the preceding articles, mey be delineated on the Mercator’s 
chart, by marking on it, by the help of the latitudes and longitudes, the 
fucceffive places wherc the fhip is to alter her courfe ; then thofe places 
or points being joined by right lines will fhew the path, along which the 
fhip is to fail under the Propofed circumftances, = 
_. Thus in Plate XII. the route propofed in queftion II. Art, TIO, is 
* drawn from the Lizard to Bermudas, the fituations of thofe two places 

as they are laid down in that chart, being thofe propofed in this example, 
“And notwithftanding this track on the chart appears much longer than 
the rhumb palling through thofe two places, yet it muft be remembered 

that thefe rhumb lines are only the reprefentations of curyes on the (phere, 
the es lengths of which are pot hercby expredied, eka 


SECTION 
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SECTION VIII. 


_Of the errors arifing in the cafes of Sailing, 
upon the fuppofition that the Earth ts not a 
Sphere. | - 


115. The reafoning and’ conclufions in the preceding SeCtions of this 
Book, have been delivered in the opinion that the kerthis a fphere; but 
it has appeared from many obfervatiois mece fince the Year 1672, 
that its figure is not that of a perfect {onere 5; its axis, og polar diameter, 
being fherter than che equatorial discn ter. ©’ 

This notion firft arofe from cbi rvation made on pendulum clocks $ 
which being fi:ted to beat feconds in the latitudes of Paris and London, 
were found to move flower «:s they approached the equator; and the pen- 
dulums were obliged to be fhortened about ‘7 parts of an inch, to avree 
with the times of the ftars p.ffing the meridian (V. 264). This diffe- ~ 
-rence in the lenzths of the perdu,um appearing to thofe great men, Huy- 
gens and Newton, vo be « much greater quantity than could arife trom 
the alteration by heat only, they, feparately, difcovered that the Earth was 
flatted at the polcs*; and Sir Ifaac Newton has fhewn in his Principles 
of Natural Philefophy, that this flatnefs is about 17 3, miles, and that #be 
polar diameter is ta the equatorial diameter, aS 229 1s to 230. 


=e 





* To give the learner a notion how this conclufion was drawn, it has been 
thought proper to add what follows, collected chiefly from Newton’s Princip. 
Book II]. Prop. 18, 19, 20. ; 

CenTRIPETAL Force is, like Gravitation, that power by which heavy 
bodies tend towards a center. | | 

CENTRIFUGAL Force is that by which hodies recedé from a center; in 
the manner that the particles of water and thrumbs fly from a whirled mop. 

The iwifter the mop is whirled, the greater is the centrifagal force, and 
the particles fly off with greater velocity. i 

The diurnal rotation of the Earth gives to all its parts a centrifugal force, 
by which the parts receding from the axis endeavour to afcend about the 
equator; for if it was not higher there, the feas, from the centrifugal force, 
fubfiding about the potes and rifing towards the equator, would lay all things 
there under water. 

Bodies acted on at the fame time by a centripetal and a centrifugal ferce, 
have their power of gravitation leffened. : 

A falling body moves fwifter as ic approaches the Earth. 

Gravitating bodies move {wifter as their gravity increafes; and the con- 
trary. : 

A plummet at the end of a ftring, or a pendulum, when made to fwing, 
returns to its loweft point by its weight or gravity. 

And the flower the vibration of the pendulum is, the lefs its gravitation. 

Confequently, the fame pendulum vibrating flower than would arife from 
jts lengthening by heat, thews a decreafe of gravity in that pendulum; and 
as this decreaic of gravity became gradually greater in approaching the equa- 
tor, the Earth mult be more prominent there than at the poles; that is, the 
arth is a little flatted at the poles, 

& 2 ° 716. But, 
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116. But, notwithftanding the fcientific deductions of this moft accu- 

a _ -ate mathematiciast, many of the philofophers in France embraced the 

; ftrange notion of the Earth’s being of an.oblong figure, the polar diame- 

ter being the longer. And as thefe different notions were fuppofed to 

‘ yetard the general progrefs of {cience in France, their Kino refolved that 
the affair fhould be determined by actual menfuration at his own expence. 
Accordingly, about the year 1735, two companies of the moft able ma- 
thematicians of that pation were appointed; the one to meafure a degree 


i ; of a meridian as near the equator as they could ; and the other company 
en to perform a like operation as near the north pole as could be conveni- 
DS Soths aly attempted. - | oe 
Ma oe 117. For, the Earth being fuppofed a fpheroid, and confequently every 


meridian an ellipfis, it was known, as a mathematical problem, that the 
refpective meafures of a degree of a meridian in each of two known dif- 
tant latitudes being had, the relation of the diameters could be found : 
and,.ahat if the meafured lengths of thofe degrees increafed towards the 
pole, the figure would be that of an oblate fpheroid, fuch as Newton 
affigned ; otherwife, its figure would be an‘tblong fpheroid, fuch as was 
| —infilted on by Ceffi.. Now the length of a degree of the meridian be- 
- _. tween Paris and Amiens, or which had its middle point in latitude 49? 
| 22’ N, was un¢erftood to be 57060 toifes ;* having been meafured by. 
. Picart, in 1670, aiflabcing re-examined by Cajint in 1701. And this 
length was to be compared with the length of a degree meafured at the 
polar*tircle and the equator. “ 
-118. The gentlemen appdinted for the northern expedition were 
Meffieurs Muupertuis, Clatraut, Camus, le Monnter, and Outhier of 
' France; who were joined by M. Cei//us; an eminent aftronomer in Swe- ( 
den. The company proceeded to Swedifh Lapland, and began their 
_ operations in July 1736, which they finifhed in the following? May; and 
among many other curious and ufeful particulars they obtained the mea- 
i _-fuce of a degree, the middle point of which was in the latitude of 66° 207 
' N., and found it to be §7438,g9 toifes, when reduced to the level of the 
fea; and difcovered that the Earth is flatted at the Poles, the. proportion 
of the equatorial diameter to the polar diameter being as 1 to 0,989I. 
11g. The other company of gentlemen, who were ordered to the 
fouth, confifted of Meffieurs Godin, Bouguer, and la Condamine, of France 3 
_ to whom were joined Don ‘forge Juan, and Don Antoine de Ulloa, of 
oy | Spain. Thefe mathematicians departed from Europe about the middle 
. _ of the year 1735, and began their operations, in the province of Quito in 
' : Peru, about October, 1736, and finifhed them in eight Years, after many 
Interruptions. Among the valuable pieces of knowledge refulting from 
their obfervationg, it.appears that the Earth is flatted at the poles. 
120. The Spanifh gentlemen, who publifhed their account feparately, 
affign 56767,8 toifes for the meafure uf a degree of the meridian at the 
equator, and 266 to 265; or 1 to 0,99624 for the ratio of the equatorial - - 
to the polar diameters of. the earth. ~ 





\ 


_ © Ameafure containing 6 French feet, or 6 feet 4,°, inches Englith, near- 
_ ly: the French foot being to the Englihh {got as 1,068 tot 


; 2 : M. Bou. 
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M. Bouguer gives for the meafured Jength of a degree of the meridian 
at the equator 56753 toifes, when reduced to the level of the fea, and 
makts the diameter of the equator to that at the poles, as 179 to 178; or 
as I to 0,9944I. 

M. de la Condamine gives for the meafure of a degree under the equa- 
tor, a length of 56749 toiles. | 

M. De la Caille, being at the Cape of ‘Good Hope in 1752, found 
the length.of a degree of the meridian latitude 33° 182’ S. to be §7037 


torfes. 
In 1755, Father Bofcowich found the lenzth of a degree in latitude 


43° N. to he 56972 toifes, as meafured between Rome and Rimini in ~ 


Italy. Inthe year 1740, Meffieurs Caffini, the younger, and De la Caille 
again examined the former meafures in France ; and, after making al! the 
neceflary corrections, they found the meafure of a degree, the middle of 
which is in 49° 22’ N., to be 57074 toifes ; and the length of a degree of 
the meridian-in latitude 45° to be 57050 toiles. 

121. M de Maupertuis' has added to his narrative of the obfervations 
made by himfelf and his affociates in the north, a method of ecamputing 
the proportion between the polar and equatorial diameters, from the 
meafurements taken in any two different latitudes ; bug he folves the pros 
blem by an approximation only. Among the curious problems commu- 
nicated by Mr. Fones to Mr. Gardiner, and publifhed by him in his quartg 
edition of logarithmic tables, there is the refult of a true ‘folution@pf this 
problem, but without either analyfis or demonftration. While I was in- 
tent on an inveftigation of the folution, Dr. Pemberton was pleafed to put 
into my hands a very elegant one of it by his friend Dr. Lether/and, with 
leave to communicate it to the public; and I fhall accompany it with 
fuch other problems, as are requifite for applying this folution to the 
purpofes of navigation, the whole compo‘ing the feries of problems fol- 
lowing. 7 : 


122. PROBLEM I, 


Suppofing the Earth to be a fpheroid, having it¢ axis lefs than the equae 
torial diameter, to find the preportion between the axis and that diameter from 
meafures of a degree of the meridian taken in two different latitudes. 


ANALYSI3. 


Let apap be an ellipfis reprefenting a fection of the Earth through its 
axis Pp; the equatorial diameter, or the greater axis of the cllipfis, be- 
ing. @a; let & and F be two places, where the meafuse of a degree has 
been taken: thefe meafures are proportional to the radii of curvature 
in the ellipfis at thofe places ; and if CQ, CR are conjugates to the dia- 
meters, the vertices of which are & and F, cq will be to cR in the 
fubtriplicate ratio of the radius of curvature in & to the radius of curva- 
ture in F *, and therefore in a given ratio one to the other, Then qv 
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and rzs being drawn pa- 
rallel to pp, and QxYw 
parallel to @A at the an- 
gles QCP, RCP, are the Jae 
titudes at E and F; fo 
that thefe angles, and the 
ratio of CQ to CR being 
given, the rectilinear fi- 
gure CVQXRY is gfven in 
fpecies: and the ratio of 
vci—zcl( = Qx X Xw)to 
RZI—QV1I (= RX X XS) is 
given, which ts the raito 
of ca? to cpe?. There- 
fore the ratio of CA to CP 
is given. 

Hence, if the fine and co-fine of the greater latitude be each aug-~- 
mented in the fubtriplcate ratio’ of the mesiure of the degree in the 
greater latitude to that in the leffer, then the dittercnce of the fquares of 
the augmented fine, and the fine of the Icer latitude, will be to the 
difference of the {quares of the co-fine of the leffer latitude and the aug- 
mented co-fine, i the duplicate ratio of the equatorial to the polar dia- 
meter, 

For cg being taken in cQ equal to cr, and gv drawn parallel to Qv ; 
cv and vg, cz and zR will be the fines and co-fines of the refpective la- 
titudes to the fame radius; and cv, vq will be the augmentations of cv 
and cq in the ratio namcd. 





123. Coroxtitary I, 


If one of the degrees mea{ured is at the equator, the co-fine of the la- 
titude of the other being augmented in the fubtriplicate ratio of the de- 
grees, the tangent of the latitude will be to the tangent anfwering to the 
ene S co-fine in the ratio of the greater axis to the leffer, 

or fuppofing the place out of the equator to be £; if the femicircle 
P/imnp be detcribed, aud /c joined, and mg drawn parallel to ac; co is 
the co-fine of the latitude to the radius cp; and cy that co-fine aug- 
mented in the ratio named ; yq being to y/, that is, Ca to Ca or CP, as 
the tangent of the angle ycq3 the latitude of the point BE, to the tangent 
of the angle yc/, appertaining to the augmented co-fine. 


124. | CoroLiary II. 


In this cafe, half the /atus rec?um of the greater axis aa, being the radius 
of curvature in A, is given in magnitude from the degree meafured there 5 
and thence the axes themfelves will be given ia magnitude. 


125. Cororvary Ii. 


Hence alfo the proportion ofthe axes being given from any two mea- 
furements, the /atus reffum of the greater axis, and the axes themfelves, 
will be given in magnitude. Far if an angle be taken, the tangent of 

which 


we 
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yweouk fiail be to the tangent of either latitude, as the leffer axis to the 


pre ict the mealure ofa dezrce in that latitude, will be to the meafure of 


a dugree at the equator, in the triplicate ratic of the co-fine of this angle 
to the co-fine of the latitude. 

Thus & heing one of the places meafured, the tangent of the angle 
yc/, will be to the tangent of ycq, the latitude of the point £,.as y/to 
¥Q,y tht is, as the lelier axis to the greater; and cq: cli: 5, ely: 
s,cQY 3: cof. icy: caf. acy, Q being to ci (crt) as the radius of curva- 
ture in E to the radius of curvature in aA, thatis, as the meafure of a dee 
gree in Etothe meafure of a degree in A. 

And thus both the figure and magaitude of the Earth may be deduced 
from any two meafurements given. 


126 PROBLEM I: 


” 


The Earth being fuppofed a foheroid, to find the femi-diamster of a pas 
railel to the equator in any given latitude. 


Let PDA be one fourth part of 


an elliptical meridiin, whereca, J x 

the greater femi-axis, is the ra-  F 

dius of the Earth’s equator ; and pr—~F ~~ 

let BE be drawn to touch the el- VAN 

lipfis in p, and make with ca an ! 

angle cBD equal to the comple- 

ment of the latitude given; then 

is D the place on the Earth hav- 

ing the given latitude; and the / 

circular quadrant aF being de- - . 

fcribed with the radius ca, lct GoH be drawn parallel to the leffer femi- 

axis cP of the ellipfis ; then BH, cH being joined, BH touches the arch 

AF in 4, and is perpendicular to cH. | 
Now as GD : GH (that is, cP: CA) :: tang. Z Gnp: tang. 2 GBH 

>: co-t, latitude : co-t. 2 GCH. 
Hence the angle ccu is given; and radius is to the co-fine of the Z GCH, 
as cH tocG. Whence cc is given, which is equal to the femidiameter 


of the circle paffing through D, parallel to the equator. 





127. PROBLEM II. 


The fpheroidal figure of the Earth being fuppofed, to meafure the elliptic 
arch corre/ponding to. any given latitude. 


M. Ciairaut, one of the gerittemen engaged in the northern expedition, 
obliged me, when he was in London, in the year 1753, with the follow- 
ing feries for meafuring an elliptic arch. a 

-* If in the preceding figure ae be denoted by a, cP by 4, and aa— 
$b by cc; then, S denoting an arch in a circle the radius of which is 
a» Wily, 


- 
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a a# 


AD will be equal to 





b 36bcc 45 bbc* | Zbbec 15 bbc* 15 bbc* 
ES oe ep ree 
at gat t byes he XS Ea to gaas XEim 2S 4a 


“ x fin. 4S &c. 
«¢ But in regard to the earth, all the powers of c above ce may be neg- 
€¢ lected, and the arch AD confidered as equal | 


bbx b 
4a} 8a ) 
bb X-4aa+ 3ec ahbee tabular fine of twice the lat. 
xX <== a 


4a} 8a? * radius 





«Ort 
bb X 40a 4 2ce 


Whence if a circle be conftituted, the radius of which is 3 , 


then in this circle, the arch which meafures the latitude, will exceed ap 








. 23bec _ tab. fine of twice the lat. ae 35 bec 
| hare meas oT rs > that is, this excefs will be to) 


as the fine of twice the latitude to radius. 


~ 
s 


CoROLLARY. 


When ap becomes the elliptical quadrant ap, the fine of twice 
the arch correfponding to the angle Gps vanithing, ap will be 
equal to the quadrantal arch of the faid circle, the radius of which is 


bbx 4aa + 306 
- 4a3 Tete 
128. PROBLEM Iv. 
Io find the meridional parts in the chart of Mercator’s form for any given 
Jatitude, the earth being a [pberoid. : ‘ 


_ The late Mr. Maclaurin, in his Treatife on Fluxions *, has given this 
rule for reducing the meridional parts of the {phere to the fpheroid ;_ take 
an arch the fine of which is to the fine of the latitude, in the proportion 
of the diftance of the foci in the generating ellipfis, to the greater axis; 
and diminifh the meridional parts in the fphere by a number, which fhall 
be to the fpherical meridional parts appertaining to this arch in the fame 
proportion. | 
But in the Earth this arch will be fo fmall, that its fine, the arch itfelf, 
and the {pherical meridional parts, will not differ fenfibly from each other ; 
whence the number to be-deducted from the fpherical meridional parts 
appertaining to the latitude fhall be to the number of minutes contained 
in the fine of the latitude in the duplicate ratio of the diftance of the foci 
to the greater axis, Therefure in the preceding propofition c being 
half the diitance between the foci, the reduction of the meridional parts 


5 F | hero} : ce 34374 fin. lat. 
in the {phere to me {fpheroid, will be—- aaa erie 


ca emnrneepareen ees etree peer 


. © Article 898. See alfo Phil. Tranfact. Vol. 41. page 808, O 
| = r 


aH Le 


any - Me % oles = 7 
. = or . “ae ee a 


‘ unity, which will meafure the angle GpB, the latitude of the point p, 
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CAP 3437% fin.-lat. 
CA. radius. 


Or in the figure to Propofition II. 


Application of thefe problems to the feveral meafurements above-mentionsde 


127. For finding the ratio between the two axes of the Earth by Prob. I. 
[et 8 denote the greater, and F the leffer of the two latitudes, a and N. 


3 
» ° ; M 
the refpective meafures taken in each : and let © denote Y= 
Then Ss¥—o* xss\g. .. . lefler axis. 
0? X 55,E—s5, F . greater axis’ 


Alfo if m reprefent the meafure in a latitude denoted by xz, and NW 
the meafure at the equator; let a denote an angle, the meafure of which 





3M. e 
is are x5 ,E. 


Then ® is= leffer axis 

,2 greater axis 
129. The lengths of a degree of a meridian, obtained by actual mens — 
furation in different latitudes, are the following. XS 
Maupertuis and aflociates in lat. 66° 20° found m=57438 toifes. 


; 49 22 = 57074 
Caffini and Dela Caille} = 42 8 MEES7074 
Befcowich - 43 «0 M = 56972 

¢ la Caille | 33 18 . M = 57037 
uan and Ulloa ! M= sb708 
Bouguer } at the equator | } M = 56753 
De la Condamine | M= 56749 


Now by comparing the 1ft with each of the following; the 2d with 
each of the following ; and in like manner the 3d, 4th, and 5th, with each 
of the following, there will, arife. 25 a@fults, each fhewing the rela- 
tion of thofe axes or diam€ters:; -which’ refults are here annexed to be 
compared. Ye . 


I. Comparing the 1ft with each of the following. 
Putting 2 for 66° 20’, and F for each of the following. Then 
“log. of o will be=0,0009203; or 0,0009812; or 0,00117933 or 
©,0010142 ; or 0,0016986 ; or 0,0017368 ; or 6,0017470. Alfo — 
55,8 X O°—=55,F =0,2665 109 ; or 0,3426650; or 0, 3783127; or 0,5413676, 
SS,F—SS,E X0*==0,2622636 ; or 0,3382362; or 0, 3728667; or 0,5 366855. 
Alfo, at the equator, log. t,a=10,3562514; OF 10,35619433 OF 
210,3561372. 
And the ratio of the greater axis to the lefler will be found to be as 
1 to 0,9919994; OF to 0,993373 OF to 0,99277633 or to 09945213 5 
@r to 0,9954025; OF to 099527175 OF te 059951407. - | 


, Vow. IL. _ -s ¥ AL, Putting 


ig tate : 
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II. Putting © for 49° 22’, and F for each of the follawing. ‘Then log. 
© will be= 0,0000609 3 OF 0,00025869 ; ‘OF ©,0000939; oF 0,0007782 5 
or 0,0008165; or 0,0008267, _ ; 

And the ratio of the. greater axis to the lefler will be found to he . as 
I to 0,9981542;3 or to 09946330; or to 0,9992120; or to 0,9968662 ; 
or to is esti $ Of to 0,99667 10. oe oar ee 
HL. Putting & for 45°, arid-r for each of the following. Then. 
log. of o will be==0,000198a; or 0,0000330; or 0,0007173; oF 
©,0007556; of,0,0007658.° °° ye 

And the ratio of the greater axis to the leffer will be found to be as 1 
to 0,9870030; or to 0,9996164; or to 0,9967087 ; or to 09965152 3 
or to 05990467. - : | po ae 
IV. Putting £ for 43°, an@ comparing it with the equatorial mea- 
fures (for I do not compare ‘it with that of 337 18’, becaufe this com- 
parifon would require the Earth to be oblong, contrary to ‘the tenor 
of the other obfervations,) and it will be found, that the ratio of the 
greater axis to the lefler is as 1 to 09974272; Or I to 0,99723343 OF 
1 to 0,9971849. 7 

» Putting £ for 33° 18’, and comparing it with the equatorial mea- 

fures, it will be found, that the ratio of the greater axis to the loffer is as 
I to 0,9949364 5 or 1 to 0,9946205 ; or I to 0,9945677. | 

The arithmetical means of the feveral comparifons are ©,994.0688 3 
939946736 ; 0,99526a1 ; 0,9972818; 0,9947082 =  —— 


the mean of all of them is 0,9951989. 


130.- S. REMARK. 


The latitudes of 49° 22’ and of 45° fall within the meridian line drawn. 
through France, the méeafures of which -formerly taken have been re- 
examined, and corrected, finee the northern ad fouthern expeditions. 
If we compare thefe only with thofe two different meafurements, that by 
Mr. Maupertuis and his affociates in the north, and that by Bouguer at 
the equator, the ratio of the greater axis to the leffer will be reduced te 
thefe fix, viz. as I to 0,9919994; OF I to 0,99337; OF I to 0,99527175 
or 1 to 0,9981542; or I to 0,9967698 ; or 1 to 0,996§152. 

The arithmetical mean of thefe ratios, viz. of 1 to 0,9953467, may be 
taken for the ratio of the greater axis to the leffer; which is as 230 te 
2.28,92974, or very near the ratio afigned by Newton. 


131. The proportion of the axes being given, to find their magnitude from 
@ meafurement at the equator. | 


The circular arch equal to the radius ts §7,29578 degrees. ; therefore 
this number multiplying the meafure at the equator, gives the radius 
of curvature there; which is half the /atus rec?um appertajaing to the 
greater axis; and this is to half the leffer.axis in the ratio of the Isfler axis 
to the preater : “hence firft the leffer axis, and then the greater .will .bs 
made known. , _ | 

. Thus, if the greater axis is to the leffer as 1 to 0,9953457, and the 
‘meafure at the equator 56753 toifes, as Bouguer has ftated it, then.the 


lofler femi-axis wi} ke 3266910 toifes, and the greater rae ze 
| . £0 
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132+ Vofiad the fame from nu meafurement takes in any latitude 
If, at seprefengs the. meataxe in a latiqude denoted by #,..and w the 
meafure. at the -equator,.N may be found 29 follows. 
‘By Corollary II, Problem I. If an angle A be foundy {uch that its 
tangent may ‘be == lefitr axis: KE Es N, the itieafure at the ~~ will 
“iasce axis a 
Bite 


4 1‘ 
Cad - 
ah) es 4 a oak : > 


be=u x cubes: i is 
554A 





And hence the ‘axes"may be Known as gbive,” a as 
From the meafures in the latitudes 66° 20° ; 49° 22/5 48° atid ‘at the 
tquator, fix ratios béfwéen the axes were found (1 0); 3 now each’ ratio 
‘being comspated’ wich bath of its refpective’ oat and. meafures, ' wilt 
Re nine values of the axes. “Thus . 
he greater femi-axis = 3277500, or S78, ae 8s or 3279702, 
OF 3271718, of 3271779, OF 3282937; OF 32 seta nt 4 
The lefler femi-axis = 3251278, or 3251 263, OF 32579415 OF 325799 
or 3265678, or 3205704, or 3267414, or 32624 ye or 3263053: 
the preuter fetni-axis 32776473. | 
‘The refpective means will be. ; the Fae landcaie: eibor 45. | 
And between thefe urid thofe found at artitle 140, the means: a will: be foe 
the greater femi-axis, 32 3279328, and fer the lefler 32636042 =. 
And thefe proportioned y the mean ratly: of the ~~ found art. 190, 
the greater {¢mi-axis 32 
will give finally, for} the Per foiicanis : 163068 } French toifes, 
133. Hence the Englith foot being to the French, as 107 to 11435 
the greater femisaxis will be 3493867 Englith fathioms; and the lefier 
3477606 Englifh fathoms. 
And an Englith mile confifting of 880 fathoms 5. the greater femi-axia 
will be 3970,298 miles, and the leffer 3953,8e4 utiles. 
134. Since in ea a Ii. the excely of the: arch. of: latitude, to the 


bb x 4aa+ 2c, bbce 
di ge X ate t 365, bo fi rch ist 
radiu 4a above .the corre sonding pilipge ar . tol 


as the fine of twice the latitude to radius; and: the number of minutes 
_ in any arch is equal to the length of that arch multiplied by 34372 (the 

number of minutes in an arch equal tq the radius} and divided by the 
radius of that arch, the number of minutes of the circle, the radius of 


- which isan ARES centained in this excefs, will be xe X 3437E 


divided by thjs radius, that is, fo saapaee! X 34372, as the fine of twice 
the latitude. to radius But.a being equal to 230, and 5=228,92974, 
zee 
rrr rere X 34373 will be equal to 11,887 (nearly 12.) 
Therefore the exicefs of “the- ‘minutes of’ “latitude above the minutes 
contained in the agch equal to’ AD of the ‘circle, the. femi-diameter of 


which eo wi he $0 115887, as the fine of twice the lati 


tude to radius. : CAO: 2 len. Ge ees | a2 
% 


ae And 
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And thus will the arch ap be affigned, as meafured by a log-line ad- 
jufted to the divifions of the elliptical quadrant into 60 times 90 parts, 
according to the length afligned to this quadrant in the corollary annexed 
to Problem ITI. _ 

135. This number to be dedu&ed may alfo be found nearly enough 
by the traverfe tables, thus: | (VII. 66, 67.) 

api the courfes feek the double of the given latitude, when under 
45°, or the double of the complement of the latitude, when above 45°, 
and againft 12 in the column of diftances take the correfponding depar- 
sure for the number to be deducted. 

In an oblique courfe, the diftance run between any two Jatitudes will 
be to the arch of the meridian contained within thofe latitudes, as radius 
to the co-fine of the courfe. 

136. In the next place, in regard to the fhip’s change in longitude or 


an oblique courfe, the difference between the meridional parts for the 
——4 3 


fphere and fpheroid (by Problem IV.) is ee X 34374» as the fine 


of the latitude the fhip arrives at from the equator, to radius. 

Therefore, when the equatorial diameter of the earth is to the polar 
dional parts from thofe of the {phere will be to 31,919, as the fine of 
the latitude to radius. But by the conftitution ef the meridian line, the 
meridional parts exprefs the change of longitude made by a fhip, whether 
en the fphere or fpheroid, on the rhumb of 45. 7 

And the change of Jongitade‘on this rhumb is to the change of longi- 
tude on any other rhumb, as the tangent of 45°, that is, the radius, te 


diameter, a& 230 to 228,92974, the difference of the fpheroidal meri- 


the tangent of that other rhumb. . 


137. Moreover, this reduction of the meridiona) parts from the fphere 
to the fpheroid may be taken nearly from the traverfe tables, thus : 

With the given latitude among the courfes, and againft 32 in the co- 
lumn of diftances, take the correfponding departure for the redu€tion. 

138. Ina courfe due eaft or weft at any latitude, the ratio of the ra- 
dius of that parallel run upon in the (phervid, to the femi-diameter of the 
Earth’s equator, is found by Problem I[. And any diftance run upon that 
parallel, meafured by the log, being reduced to minutes of the Earth’s 
equator; thofe minutes will be to the change of Jongitude in minutes, as 
the radius of that parallel to the femi-diameter of the equator. 
_ The preceding precepts will be fufficiently illuftrated by the following 
examples. 


139. Exam. I. Let it be propofed to the diflance a frip shall run 
upon the fappofed eliiptical meridian, in oe her latitudes from 42 to 68 


aegrees. 
According to article 134, the log-line being adjufted to a fphere, the 
femi-diameter of which jet eet ae the redu&tion from this {phere 


to the fpheroidal earth will be to 11,887, as the fine of twice the Jatitude 
to sadius, and the calculation will proceed thus : F 
or 


MR tg 


“As rad. 
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For the lat. 42°. | “For the lat, 68°. 
10,00000 | As rad. 10,00000 





To 5,849 (242°) 9.99761 | To «, 136° (2 x68*) 984177 
So" 8,887 1,07507/S0 - 54,887 3,07507 . 
To the redu@tidd “$4,822 | 1,07268 . To the redaétion : 8,257 0,91684 


_-_ 
mee 











Minutesin 42° = 2520,000 | Minutes in 68° == 4080,000 
- -redu@tion =" “= = 11,822 reduion = 8,257 





The elliptic are for 42° “== 2508,1 78 | The elliptic are for 68° =x: 407 1,743 


The lefler number dedu&ted from the greater gives 1563,564 for the 
divifions. of the log-line adjufted to the meafurement of the elliptic mes 
ridian, which are contained between the latitudes of 42° and 68° on the 
fame fide of the equator, =. | oe a er 

Moreover, in the traverfe table, under twice 42°, over-againft the 
number 12 in the column of diftance, ftands in the column of departure, 
the number 12 for the firft correction; .and under twice 90°—68°, 
that is, 44°, ftands the number 8 for the fecond. 7 | 


140. Exam. Il. Let it be propofed to find the courfe and diftance from 


the Lizard, in the latitude of 49° 57'N. to Barbadoes, in the latitude of 


«AZ? N.,, the difference of longitude being 54° 36'= 3276’. 


For the arch of the meridian, the reduCtion for the greater latitude is 
11,71, and for the lefler 5,22. Therefore the latitudes reduced are 
2985,29, and 774,78, the difference is 2210,51, which is the meafure 
of the elliptic arch between the two latitudes in the meafures of the log- 
line, adjufted as above. 

Jn the next place the meridional parts are thus calculated. 





For the latitude’ 49° 57’. For the latitude 13°:0'. 
Asrad.‘ ' - 10,ce000] As rad, 10,00000 
Tos, lat. == 49 57’ 9.88393/Tos, lat, =» 13° 9.35209 
So 31,919. 1450405] So 31919 350405 
To the reduction 24,43 1,38798] To the reduftion- 7,18  0,85614 

eee —— ee 


For the latitude of 49°57, == =| For the Jatitude of 13° nak 
The {pheric!. mer. parts == 3469,80] The {pheric!. mer. parts == 786,80 
at redu€tion. ss == 24.43]. reduction = 7,18 








The {pheroid!. mer. parts -== 3445,37{ The {pheroid!. mer. parts ' = 779,68 
_ Alfo under each of the latitudes, in the traverfe table the fame reduce 
tions will be found nearly in the columns of departure over-againft the 
‘number a the column of diftance, 

The difference of the numbers 3445,37 and 779,62, being 2665,75 
is the meridional parts in the fpherovd for the difference of the: latitu cs 
And the sieridional diff. lat. in the {phere is 2683,0. 

; : . oes ; S: 3 Hen 7 


> 


Ma 


_ even though his account. 


e 
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a * oe ee RAG ‘é 2 gee Ve ‘ ror 
Re a ‘Hence for the cdurfe and diftanre. * Sif 


4 








-- . Inthe fpheroid f_____. But in the phere 
Uf. long. == 3276,0  - °s9559534:| Dif. long. = 3295.q > 355.1538 

‘Mer. parts =e 2665.75 Gazeta Mercdit latucoe., 26830 354.2862 

‘Tan.ceurfe == 50° 5a’ 50” LoneB9 52! Tang. courle =e. 59° $bi951. 4RBO72 
—* .»  Forthedifance ig 

— . dia the fphercid. i} sda the fpbgre.; 

Arch of the mer. So ees , ; 
in min. or miles 2210,51 4.34449 | 49° $7’ 13° O == 369 57’ — 2287 min, 
ofthelog. lines $0. aise Jat. | = 221 , 3934577 

Co-f. of the eourfe g0° 51” 66” g80014 { Co-f uf tite doufrfdsauus anh: 980182 

a bc PF Gea ee OL OAD to 


Diftance in the mea} 2 | Di Ad maim, OF PTE 
fures of the log. Ussoz 3954435 | the {fphere.tc $57 3498, 3254395 
14g Exam, IL To find. the diflance of Gaby Hear) in lat, 39° N. and 
fong. 76°23 W. from St. Maty’s, nearly in the faine lay 
tude 22° 50’ WY. 0 bOI LT a? me oe ; Coo 
- The difference of longitude 53°.27’=23207m™,.. To 
: In the foberoid. . a tah De the fohere. 
CA er on ee ee as 
ep (Ag, Prob, Ts)ecozog | Ca-f 9.90307 
Co-t. latitude . 19,12389.f Diff long, 3.5ab10 


itude, ‘with longi- 
Sees 





- a. ‘ we cee ar Jf 
Go-f 39% 9,002" 
Dif. 7 my Sarat 
a 1 et 40nsa 2 3*59 i 0 
: ‘ ' . ! : fen. . gt ‘ ‘ og Cae ae ee 
» Ac ve 2 4°2eG4t vo! ehh. tha gt: 
Co-t. as - », Bontaage ['25645 38987, 258 a do Ba 


Thus in the fpherojd the alge lati~ude of 37° con ins Pa 
3207 minutes of longitude 25647 mihutes of the equatar; apd if, the Jo- 
gorithm, ofS in the figure of Pre}. IT, (=0,d0101) had been farther 
added to the logarithm of 25643,, the-forrofthefe logarithms would have 
been 3,41018, afd the arch of tHe: parallel would be-Found to contai 
2571i minutes, as meafured by the log-line ; ‘whereas, in the fpher®, 
this portion of the parallel: contains 2561% minutes of the equator, + -~ 
7 tr eo eed te 4 
7, REMARK 
It appears from the preceding redugtiqns, that the courte of a fhip.on 
the earth, confidered as a fpheroid, jg fo.near to what, it. would be on a 
fpheres the circumference of which is equal.to that of one of the ellip- 
tical meridians, that .with. a. log-line: adjufted to fuch a fphbre,. an-artift 
may fafely truft to the.fingle rules of globular fajling in bis. days works, 
Ais account. ef .courfe and diffance, were much more certain 
than it is pofible for them ‘to be.” It is therefore. unneceflary here . 
enter into the:queftian, whetber the figure of she payshjs.a genuine {phe- 
roid, formed by’ the revolution of a‘teal elliplis about its: axis, of of fame 
more compounded ‘gure, 23. Mr. Bouguery who, hag difcufled this poipt 
at large, contends, prefuming on ‘the ‘precile accuracy of the feveral 
meafurements. bs 
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MERIDIONAL PARTS 
To every Deore and Minute 


OF THE 2 = 


QUADRANT. 


Calculated on a Suppofition that the Eartn is a 
perfe& Sphere. ~ 


‘Where D. I. fands for degree of lat. and M. P. for meridional 
feek the degrees of latitude at the top or bottom, and the minutes in the 
eght or lefe hand columns; and the meh acy meridional parts 
will ftand right againft the. minutes, and in the column — with 
the ere propofed. | | 
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4! 30 
43,0 
4320 
44,0 
45,0 
46,0 
47,0 
48,0 
49,0 


50,0 


51,0 
52,0 
53 0 
5410 
550 
56,0 
5799 
58,0 
590 





119,0_ 


120,0° 
323,0 
122,0 
123,0 
124,0 
32 oO 


O 1|127,0 
O /1238,0 


129,0 


130,0 


141,0 
132,0 
1330 
1 34,0 
13.5;0 
336,0 
337,90 
138,0 
13910 


140,0 


141,0 
142,0 
143,0 
144,0 


g ape 
547;0 
148,0 
349,0 
1 50,0 


heed 


1§2,0 
153)! 
15451 
15508 
156,13 
15753 
158,1 
$9! 
160,13 
161,! 
(62,1 
163,51 
164,1 
16553 
166,r 
167,% 
168,3 
16951 


17053 


175% 
19251 
£7353 
17453 
17593 
176,12 
17 
179, 
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180,3 
133,49 
18,1 
183,1 
184,3 
185,1 

186,1 
187,1 
188, 
189, 


19,1 


19351 
1921 
19353 
194,! 
19553 
196, 
1971 
138s 
199 
200,1 
ZOIs! 
202,51 
20351 
2045! 
20593 
206,53 
20751 
20851 
'209,% 
22051 


2UTys 


212,! 
2135! 
245i 
21552 
216,14 
237,53 
218,1 

19,1 
220,2 
221,52 
222,2 
223,2 
224,32 
225,2 
226,2 
227,52 
228,2 
229,2 
230,2 
23152 
232,2 


23352 


2342 
23 50% 
236,2 {2 
23792 
238,2 
2392 


240;2 
2442 
242,2 
343,32 


3004 
3014 
40294 
30314 


24452 139404 


245.2 
246,2 
24752 
248,2 
24952 


250,2 
meee 


25152 
252,2 
25392 
2 $452 
255.2 
2 56,2 
25752 
258,2 
25992 
260,2 
261,3 
262,53 
263,3 
264,3 
26533 
266,3 
267,3 
268,3 
269,3. 


27043 


27153 
272,3 
37393 
27453 
2753 
27653 
27753 
278,3 
27993 
280,3 
81, 
282.3 
283,3 
284,3 
285,53 
236,3 
28753 
288,3 
289,3 


29053 


29153 
29254 
2934 
29414 
4 z 
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30534 
+i 4 
30794 
308,4 
399;4 
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35194 
31254 
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3! 404 


3184 


31795 
318,5 
31955 
32095 

2255 
32255 
32395 
3245 
32595 
326,5 
32755 
328,5 


3295 |: 
3305 


33295 
33235 
33395 
3345 
3355 
336.5 
33795 
33815 
33996 
40,6 
342,6 
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34356 
3446 
34516 
346,6 
34716 
348,6 
3496 
350,6 
3§23 6 
352,6 
35326 
35456 
35 ‘ 
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ae 
358, 
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36757 
362,57 14 
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0499 
40519 
407;0 

08,0 

09,0 
410,0 

i ,0 
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+ 133:0 
$14,0 

55,Q 
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17,0 
418,0 

$19,0 
420,0 
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67,4 
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7955 
+7105 
7395 
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745 
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01,8 »8 
50,8 
50398 
50448 
05,8 


506,8 


50738 
508,9 
59909 
$2059 
$1399 
$1209 
$3399 
5149 
51529 
51939 
518,0 
519:0 
§20,0 


4 1$21,0 
§22,0 


$2320 
§24,0 
§2$,0 
26,0 
537,2 


$325! 
$3253 


53392 
5343 






5696 
579,6 
573 »6 


8/9 
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57256 


$7397 
5747 
57597 
$7647 
$7797 
57857 
§7997 
580,8 
582,38 
582,85 


583.8 
pe 
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$87.9 
588,9 
58999 
59°09 
$9199 


59259 


§9399 
59$»9 
$9%0e 
59720 
598,0 
59920 
BOO 30 
03,0 
602,12 
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D.1.} 10 13 32 I 14 16 17 i8 " 
ey M. P.M. P.IM. P.[M. PJM. P. 
° 97258|1035,3]1Cg8,2)11361,5| © 
Pr ; 97398) 2036, 3]1099,312162,5) 1 
2 97498] 10372411200, 3]1363,6) 2 
3 97529] 1038,4l1 10141816457) 3 
4 91416 | 976,9|1039,5/11802,4)136¢,7) 4 
5 1557 | 978,0| 1040, §|1103,51266,8) 5 
6 18,7 | 979,011043,6|1104,91167,8] 6 
7 q g80,0]1042,6|1105,617168,9) 7 
3 95:0 98 1,1] 1043,7/1106,61370,0] 8 
9 796,0 939.8 } 982.1]1044)7|/1107,7)1571:0) 9 
had 797:0 |858,8 |920,8 | 983,2)1045,8)1108, 7117251] 10 
ir 921,9 | 984,2|1040,8)1109,8)117351 
12 92259 | 985,2/1047,915110,8)1174,2 
13, }616,3 167753 |738:6 |800,2 92359 | 986,3/1048,g1222,91117552 
14 161753 167854 173926 |801,2 925.0 | 987,3|104929|11122,911127553 
15 |618,3 [67934 1749.7 |802,2 926,0 | 988,4] 1051 ,C]1314,0112 7754 
316 [6193 [680.4 174157 {803.3 927:0 | 98954] 1052,01111 5,051 7854 
17 1620,3 928,31 | 990.4) 1053,8|5516,11117955 
38 |62153 92990 | 9995) 1OSF Fiz r27, att Ors 
19 [62254 93%! | 99205/1055,2/8238,2/1583, 
20 (62354 9936] 1056,2111 19,241 182,7 
21 [62454 99416) 1057, 3]1120, 3[1 18357 
a2 162534 9956] 2058, 3/1 127,310 684,5 
23 (626.4 93493 | 999,7/1059,411122,4]1135,8 
24 |627.4 3593 | 997 7|!060,4]1 123,411 186,9 
25 (6285 3953 | 998,8/1061,4]1 124,611 188,0 
26 |629,5 9374 | 9998] '062,5)1125,5]1289,0 
27 |630,5 33,4 |1000,8] 1063, 5] 112.6, 611 1 90,1 
28 939.4 [2001,6]1063,6)1127,61193,1 
89. oh 194925 |100299 bt igh 1128,7)119252 
° 879.4 (94195 |1004.¢ 1066, 7|1129,7]1193s2 


1005, 0} 1097,57]1 £30,8]1 194, 
) 16006,1]1968,8 ae 
1007,1|1069,8]1 132,911 19644 
6 |1@08,1|107099}1 134,01119795 
1009 ,2| 107208135, 1)6 19855 
2010,2| 107 3,012 5 36, 1] 5 19936 
1O1T 53] [O7He 1/1 3 3752/1 20007 
1032, 3/1075» 1/5538,2)120197 
101394] 1076,2111 99, 311202,8 
1014.4| 10775213 140, 3/8203 -9 
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BOOK IX, 


OF DAYS WORKS. 





I. Y Days Works are here meant the practical methods of finding 
a fhip’s place every day at noun, and fettling the courfe and dif- 
tance fhe has then to fail. 
The navigator requires for this purpofe the following elements, or ne=_ 
ceffary things, to be known: | 


I. The means of meafuring and correCting the run of the fhip, : 
II. The nature and ufe of the fea ai:d azimuth compafles. 
II. How to find the Sun’s amplitude and azimuth. 
1V. How to find the variation of the compafs, and to correc&t the 
courfes the fhip has failed on that account. 
V. How to find the fhip’s lee-way, and thence to correct the courfes. 
VIs "The nature and ufe of inftruments proper for obfervine the alti- 
tudes and diftances of celeftial objects. 7 
VII. How to find the latitude and longitude by celeftial obfervations. 
VIII. How to correct the daily account of latitude and lonzitude. 


“ 
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SRCTION I. 
2. Of the. meafuring a Ship's run. 


A great variety of methods has been propofed to meafure the rate.at 
which a fhip fails, bue that moftly in ufe at this time, efpecially among 
the Englith, is by the /og and half minute glafs. 

The Loo is a piece of thin board, of a feétoral or quadrantal form, 
loaded in the circular fide with lead: fufficient to make it {wim uprightlin 
the water: to this is faftencd.a line about 150 fathoms long, called the 
LoG-Line, which. is divided into.certain fpaces,. called-knots; and the 
log-line is wound on a reel, which turns very eafily. 

‘The Harr Minute Giass is of:the form of an bour-glafs, and con- 
tains fuch a quantity of fine fand, as will run through the hole in its 
neck in half a minute of time. | | 

The making of the experiment to find the velocity of the fhip.is called 
HEAVING THE LoG, which is thus performed: 

One man holds the reel, and another the half minute glafs ; an officer 
of the watch throws the log over the fhip’s ftern, on the lee fide, and 
when he obferves the ftray line is run off the reel (which is abaut 10 fay 
thoms, this diftance being ufually allowed to carry the log out of the eddy 
of the fhip’s wake) and the firft mark is going off, he cries turn / the 
ylafs-holder anfwers done ! who watching the glafs, the moment it is run 
out: fays fp / the reel being immediately ftopt, the laft mark run off 
fhews the number of knots, and the diftance of that mark from the reel 
is eftimated in fathoms. ‘Then the knots and fathoms, together, thew 
the diftance the fhip has run the preceding hour, if the wind has been 
conftant. | 

In the King’s fhips, India fhips, and fame others, it is ufual to heave. 
the log every hour: but coafters, and thofe which make fhort voyages, 
heave the Icg once in two hours only. . 


3. This praQice of meafuring a fhip’s rate of failing is founded upon 
the following principle. | 

That the length of each knot cught to be the fame part of a fea mile; as 
balf a minute 1s of an hour. 

Therefore the length of each knot fhould be cither 

(xo; =) <i3 of a nautical mile. 
Or (2X25 Xds =) aa03 Of a degree. 
Or (3 Xe5%coXsie =) wvretcos Of a great circle. 


By Mr. Richard Norwood’s experiment (fee V. 73) it appears, that a 
degree of a great circle on the Earth contains 3672c0 Englith feet, and 
to thereof, or 6120 feet, is the length of one nautical mile. 

Hence ;;<th of 6120, or §2 fea’, fhould be the Jength of each knot. 

But becaufe it is fafer to have the reckoning rather before the fhip 
than after it, therefore 59 feet may be taken as the proper length of each 
knot; and each knot is now ufually divided into 8 fathoms. | 


The 
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The length of the knots in the log-line, ufed formerly, was only 42 
feet; and it is much to be wifhed that no line fo divided was now in 
ufe, but cuftom in many things prevails over reafon. This way of divid- 
ing the log-line was founded on the fuppofition that 60 miles, each of 
5000 Englifh feet, made a degree ; for ris of 5000 is 413, or in round 
numbers 42 feet. And although many mariners find by experience that 
this length of the knot is too fhort, yet rather than quit the o/d way, they 
ufe glafles for half minute ones that run but 24 or 25 feconds. . 

The method ufually recommended to try if the glafles are accurate, is 
this: On a round nail or peg hang a {mall thread that has a mufket-ball 
fixed to one end, 39% inches being carefully meafured from the center of 
the ball to the loop which goes over the peg. Then make it fwing, and 
count one for every time it paffes under the peg, beginning at the (econd 


time it pafles, and the number of fwings which it makes during the time 


the glafs is running out, fhews the feconds which that glafs runs. 

For experience fhews, that the length of a fecond pendulum is about 
39% inches. . 

The diftance given by the log may be wrong an three accounts ; namie 
ly, by an error either inthe glafs, or the log-line, or in both. 


4. Cass I. When the dog-line is truly divided, and the glafs is faulty. 


Rug. As the feconds run by the glafs, are to 30 feconds ; 
So is the diffance run by the log, to the true diftance. 


Exam. Suppofe a fhip fails at the rate of 63 knots while a glaf/s runs out, 
which runs only 25 feconds: What is the true rate of failing ? 


As 25: 30: : 6,5: 7,8 miles, the true diftance failed in an hoyr. 


5. Case Il. When the glafs is true, and the log-line is faulty. 


Rute. As 50 feet, is to the diftance meafured between knot and knot 3 ~ 
So is the diftance run by the log, to the true diftance. 


Exam. Suppofe a fhip fails at the rate of 6& knots an hour, by a loge 
line which has only 44 feet to a knot: What ts the true rate of failing ? 
As 50: 44: : 6,5 : §,72 miles, the true diftance failed in an hour. 


6. Case. IIT. When both log-line and glafs are faulty. 

Rue. Multtply thrice the meafured length of a knot by the diftance 
run pec log; the product, divided by five times the meafured 
time of the glafs, will give the true diftance run. . 


Exam. Suppofe a foip runs § knots an hour, by a log-line of 45 feet toa 
Enot, and a glafs of 25 feconds: What ts the true rate of fatling ? 
Then 3X45 X 5, and divided by 5 x 25, gives- 5,4 miles=true dift. 
his {uppofe x =meaf. length of a knot; G=feconds per glafs ; p=run 
r Jog. | 
Pe Phen G: 30::D: 30x D+*Gadift. run bya correct glafs. (4) 
And 50: K:: 3OXD-G : 30XDXK-GX 50=3 XDXK=+5 XG, 
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The log is fubject to drive with the motion which the water may have 
at its furface, and thereby give an erroneous rate of failing (for the expe- 
riment fuppofes the /og fixed in the place where it is, when the firft 
knot gocs off the ree/) ; therefore many methods have been propofed to 
remove, or at leaft to leflen this error; and among them, that feems 
moft worthy of: notice, which was propofed by the late M. Bouguer *, 
in his Treatife on Navigation, publifhed at Paris in the year 1753, and 
which was compofed by the order of the Minifter of State ; and again 
reprinted there inthe year 1760, with fome alterations, by the late Abbé 
de la Caille ; both thofe gentlemen had been feparately engaged in very 
long voyages, and confequently had much marine experience: the fub- 
ftance of this method will be here given, though fomewhat differently 
drawn up. — 

7. Take for the Loca conical piece of wood, through, or along the 
axis of which the log-line muft be paffed, and made faft to it, about 40, 
50, 60, or more feet from one end; and to this end fix the Diver, 
_ which is a body formed of two cqual fquare pieces of tin, or of thin iron 
plate, fixed at right angles to one another along their diagonals. The fize 
of this diver mult be fo fitted to that of the cone, that the cone may juft 
“ float. | 
A cone of three inches diameter in the bafe, and of fix inches in the 
‘flant height, is propofed by M. Bouguer, to fuit a diver made of plates 
about 93. inches {quare. ‘The float is fixed to the log-line at the in- 
terfection of the diagonals ; and the /sop and peg ufed as in the common 
log. 

“When this compound log is hove overboard, the diver will fink too 
deep to be much affected by the current, or motion of the water at the 
furface ; and the log will keep more fteadily in the place where it firtt 
fell; and confequently, the knots run off the reel will fhew more accu- 
rately the fhip’s rate of failing. ; 

As the common log is affected by the whole motion of the current, fo 
this compound log will feel only a part of it; uz. fuch a part nearly, 
as the reliftance of the cone is of the refiftance of the diver : thus the re- 
fiftances of the above cone and diver are about as 1 to 53 and confequent- 
Jy this log will drive but 4 part of what the common log would; and fo 
the fhip’s true run will be aitected by + part only of the motion of the 
waters. | ; : 

8. Tc obtain the true rate of jailing, it will be proper to heave alternate- 
ly, hour and.hour, the common log and this compound log. Then the 
difference of their knots run of, augmented by its 3th part, is the cor- 
rection; which applied to the knots of the common log will vive the fhip’s 
true rate of failing, at the middie tine between the hours when thofe logs 
were hove. ‘Jhe correction is added when the run by the compound log 
is oreateit ; otherwife it is fubtracted. ¢ 
°° Q. To find the courfe made gecd. Increafe the obferved angle between 
the log-lines by one fourth part; and this gives the correction to be ap= 
plicd to the apparent courfe, or the oppofite of that fhewn by the com- 
mon log. 





* Tac French Academician concerned in meafuring a degree of a meridian 


in Peru. 
The 
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\ 
The correétion is to be applied to the ; His : } of the apparent courfe. 


When the bearing of the common log is to the ! nae 

10. Or thus: The Iength run off both logs, together with their 
bearings, bejng known, on a card or compafs apply the knots run of 
(taken from a {cale of equal parts) along their refpective bearings, from 
the center ; join the ends, and in this line produced, on the fide next the 
compound log’s length, take } of the interval 5 then a line drawn from 
the end, thus produced, to the center of the card, will fhew the true courfe 
and diftance made good. 


bor the comp. log. 


Or, the true courfe and diftance may be found by computation; by : 


working in the two triangles formed by the above conftruétion. 


Ex. I. The common log having run’ Ex... At 5h. P.M. the com- 


6,7 knots, bore N. 42° E. at gb. 30m. mon log having run off 7,0 knots, it - 


A.M. and at th. 30m. A.M. the bore 8. 18° V3 and at 7h. P.M. 
compound log having run off 8,2 knots, the compound log having run off 5,2 
at bore N. 37° E.: Required the cor- kusts, it bore 8. 26° W.:. Required 


rec? courfe and rate of failing at 10..the true courfe and rate at Ob. 
EP 


e e e ° ws 
| 


Common. log. Run 6,7k.bear.N.42°E. ‘Common. log. Run'7,6k. Bear.S. 18°. 





Comp. log. 8, 3k. N.37 E.|Comp. log. 52 §.26 W. 
Dif. 6s sCDiee i «se 

x part: | 0,4 1; [4 part 0,6 2 
Correétion | 2,0 ~ 64 Correction ers a io 
True run - "8,7 Bear S. 352°W. True rua “a6 Rea N.28° E. 


‘ 


11. The following explanation of Ex. II. will fhew the reafon of thefe 
corrections. Suppofe the line AB to reprefent the run and bearing of the 
fhip by, the common log ; and Ac the run and 
bearing by the compound log; and let the fhip 
be fuppofed at p when the logs were hove. 
Then her apparent run by the wind, with 
the common loy, is the line Da, or its paral- 
lel pa, while the log is driven by the current 


is along the line pA (VII. 48). Alfo, by the 
compound log, the fhip’s apparent run by 
the wind is the line Do, or its parallel ca; 
while the log drives from D toc, which is 
only ith part of ps; fo the real run is pa. 
Take EB = AB™ AC; draw CE and its pa- 
rallel pF; then is EF=jeB (II. 165), aF is 
nearly equal to AD; and 4,DAC is very nearly 
equal to 7 4. BAC. 
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For anzzaF (II. 165) : and az in the time of making the experiment 
cannot differ much from AD; neither can px differ much from 3 of Fn; 
confequently the 2 Dan is very nearly equal to 3 ZFAn. 

Therefore aF being known gives the run pa. Alfo the bearing aB 
being known by obfervation, or its oppofife ab; and the Z ABD found 
by correction, the bearing DAd, or the real courfe, becomes known. 

Or: Computing in the triangle BAc, with the two fides, and the in- 
cluded angle, find 2. BcA and Bc: then in the triangle Acp, knowing Ac, 
cp (=ibc)yand Zacp; find Zcap and ap. 


‘32, REMARK, 


I. There feems to be a miftake in the dimenfions of the cone, and 
diver, propofed by M. Bouguer, and followed by M. de la Caille; for 
no kind of wood ufed in Britifh dock-yards, when formed into a cone of 
thofe dimenfions, will float a diver made of {tout tin plates, one fide of 
the fquare being 9} inches. Such a diver, weighing 171b. avoirdupois, 
required to float it a cone of 5 inches diameter, and 12 inches on the 
flant fide, fo that the point of the cone, which was made of light fir, 
fhould juft appear above the water. Now fuppofing one fide of fuch a 
Yquare tin diver to be about 10 inches, and made of plate only 2 of the 
thicknefs of the former (for it is fufpected there is no tin of half its 
thicknefs), fuch a diver would weigh, with its folder, about 20 ounces, 
and can be floated by a light fir cone of 4 inches diameter in the bafe, 
and 10 inchesin the flant height, or length; and fuch a compound Jog 
might, perhaps, be found on trial to be affected by about as much again 


as that propofed by M. Bouguer, and ny the difference between 
ag 


the numbers given by the common log and compound lags, muf? be augmented 
by 5 of stfelf to produce the neceffary correction. 

13. I]. When a current, fuch as a tide, runs to any depth, the velocity 
of that current may be much better afcertained by the compound log, 
than by the common one, provided the diver does not defcend lower than 
the run of the current; for as thofe fhips which are deepeft immerged, 
drive fafte(t with the tide, fo the diver being acted on below, as weli as 
the log on the furface, their joint motion will give the total eftort of the 
current’s motion, better than what could be derived from the motion at 
the furface only.. Alfo, by fuch a compound log, the depth to which any 
curient runs, may be ealily tried, 


SECTION 
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Of the Mariner's Compafs. 


‘14. The Marrner’s Compass is an inftrument ufed at fea to point 
eut the way a fhip does, or is to go; and confifts of three parts, namely, 
the box, the card or fly, and the needle. an 

The Box, which contains the card and needle, is a circular brafs box 
‘hung within a fquare wooden one, by two concentric rings, called jrm- 
bals, fo fixed by crofs centers to the two boxes, that the inner one, or 

“compafs box, fhall retain an horizontal ‘pofition in all motions of the thip. 
he Carp, or Fy, isa circle of ftiff paper reprefenting the horizon ; 
and is divided into points and quarter points of the compafs. 

The NEEDLE is a ftrait piece of fteel made magnetical ; which has 
‘the property of pointing with one of its ends towards the north pole of 
-the world. 

The needle is fixed to the under fide of the card, and in the center is 
placed a conical focket, which is put on an upright pointed pjn, fixed in 
‘the bottom of the box ; fo that the card, hanging on the pin, turns freely 


round its center; and one of the points, by the property of the needle, 


‘will always be directed towards the north pole *. 

‘The top of the box is covered with a glafs pane, that the motion of the 
card may not be difturbed by the wind. This apparatus is called the 
Compas. ‘The compafs box is to be fo placed in the fhip, that the mid- 
dle fection of the box, parallel to its fides, may be parallel to the middle 
‘fection of the fhip, along its keel. 

¥5. Before the invention of the compafs, which happened towards the 
latter end of the 13th century, the navigating of fhips was a very tedious 
and precarious operation, and feldom made out of fight of land. But 
the compafs enables the mariner to hold his courfe over the feas in as di- 
rect and true a track, as the land carrier dire&ts his carriage in a well- 
beaten road. Hence it might be reafonably imagined, that no neceflary 
expence or care fhould ever be wanting in the conftruction of this moft 
ufeful inftrument. But it has fo happened, that fome years ago fcarce 


‘one fea compafs in ten was fit for the ufe for which it was made ; they 


were fabricated by unfkilful and ignorant workmen for the wholefale 


‘dealers in the fhipping way: and fuch dealers generally pay no more re- 


gard to the conftruction of this inftrument, on which the fuccefs of the 
voyage, and the lives of the men, in a great meafure depend, than they do 
to any indifferent thing of the fame price. _ 


rr caren, 


* If a magnet, or a piece of iron made magnetical, be fufpended by a 
thread, or floated on a piece of light wood or cork in a veffel of water; let the 
body be turned round either eaitward or weitward, one and the fame point will 
always be turned towards the north when the body becomes at reff, 
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‘There are however compaffes ufed in the Royal Navy, India thips, 
and fome few trading fhips, which are conftructed with more care, and 
on better principles ; and are therefore vaftly preferable to thofe com- 
monly ufed in the merchant’s fervice, which, from their conftruction, 
feem to have been contrived purpofely to vary from what was to be ex- 
pected of them; as by joining the outfide box together with iron nails ; 
making the needle of toft wire; and diipofing it in the form of a rhom- 
bus, in expectation that tne magnetical forces of the fides would confpire 
to act in the diagonal ; making the pin and focket fo badly, as to prevent 
the card from traverfing, &c. &e. 

It is only within a few yeats, that fea-compafles have been made free 
from that multitude of inconveniences which formerly attcnded the bef 
of them: Such incoaveniences were, firft, needles having feveral poles, 
occafioned by their irregular fhape; for the beft kind cre ftraight bars 
with flat cnds. 2d. The needles being made of fuch a temper as was ca- 
pable neither of receiving, nor of retaining half the virtue it is poffible to 
.give them; and confequently, they were not uire-icd to the poles with 
that ftrength and pe {everance they might have been. 3d. T’he want of 
proper means to reftore their mazneti{m during the courfe of a voyage, 
when it has been impaired. 4th. ‘The troublefome and inaccurate methods 
of repairing the pin on which the card turned when it has been damaged, 
and alfo the expence attending the ufe of agate caps, or fockets, which 
are the moft proper. 5th. The want of proper contrivances to hinder the 
card from being greatly affected by the various motions of the fhip. 
Thefe, and feveral other imperfections, have been happily removed by the 
Jabours of the truly celebrated Dr. Gowen Knight, F. R.S. whole admi- 
rable invention of giving magnetifm to ftcel bars, greatly fuperior to any 


power they could derive froin the natural loadftones, joined to a multi-’ 


tude of experiments which he has made for the marine fervice, has pro- 
duced the means of conftructing fea-compafles fo pesfect, that there 
feems nothing farther to be wifhed for, as neceflary to this inftrument. 
It may be reafonably expected, that fuch correét compaffes will readily 
be brought into gencral ufe, as well in merchant’s fhips as in fhips 
of war; for Knight’s compafles are now univerfally ufed in the royal 
navy. 
16. After the difcovery of that moft ufeful property of the magnet, or 
loadftone, namely, its giving a polarity to hardened iron or fteel, the 
compafs was for many years ufed, without knowing that its direction tn 
any wife deviated from the poles of the world: about the middle of the 
16th century, fo certain were fome of its inflexibly pointing to the north, 
that they treated with contempt the notion of the variation, which about 
that time began to be fufpected. However, careful obfervations foon dif- 
covered that in England, and jts neighbourhood, the needle pointed to 
the eaftward of the true north: and the quantity of this deviation being 
known, mariners became as well fatisfied as if the compafs had none; 
beczufe the true courfe could be obtained by making allowance for the 
true variation. 
From fucceffive obfervations made afterwards, it was found that the 
deviation of the needle from the north was not a conftant quantity ; aa 
; -that 
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that it gradually diminifhed, and at laft, nemely. about the year 145%, it 
was found at London, that the needle pointed due north, aud has ever 


fince been getting to the weftward, and now the variation is near 22 de- 
grees to the weftward of the north: So that in any one ploce it may be 


fufpected the variation has a kind of libratory motion, travernay ‘tirough 


_ the north to unknown limits eaftward and weftward. But the fettling of 


this point muft be left to time. ; 

About the fame time it was alfo difcovered, that the variation of the 
needle was different in different parts of the world, it being weft in . 
fome places when it was eaft in others ; and in places where the varia- 
tion was of the fame name, yet the quantity of it differed greatly. It 


_ was therefore found neceffary that mariners fhould, every day, or as of'en 


as they had opportunity, make proper obfervations of the fun’s ampli- 

tude or azimuth, by which they might be enabled to find the variation of 
the compafs in the place they were then, and thence correé& their courfes 

properly. . 

17. Befides the common fea-compafs, there is another, called the 
AziMUTH Compass, the ufe of which is to take the bearjng of any 
celeftial object, when it is in, or above the horizon. This compafs dif= 
fers'in no refpect from the other, only that the circumference of the card 
or. box is divided into degrees ; and there is fitted to the box an index 


. with two fights, which are upright pieces of brafs, placed diametrically 
. oppofite,to each other, having flits down their middles, through which the 
fun or ftar is to be viewed at the time of obfervation. 


_ 


3'. 


—78,, | To make Artificial Magnets. 


As there are many accidents at fea, which make it very convenient, 
and even neceffary, for mariners to know how to reftore the magnetic 
virtue to their damaged needles, it was judged proper to fhew how, inde- 
pendent of aloadftone, magnetifin might be given to fteel bars ; and with 


‘thefe bars to touch the needles of their compailes. 


The following methad is extracted from a paper given by Mr. John 
Canton, F. R. S. in the Philofophical Tranfactions for the year'1759. 

‘Procure fix bars of foft ah about 3 inches long, 3 inch broad, and 
st; thick; and other fix of the hardeft {teel, each of double thofe dimen- 
fions ; and let each of the 12 bars be marked with a line round them.-at 
one end, which call the north end ; and the other, the fouth end. Pro- 
cure alfo four bars of foft iron, called conductors ; two of the fame thick- 
nefs and breadth, but only half the length of the foft bars 5 the a:her two, 
alike proportioned to the hard bars; have ready alfo an iron poker and. 


tongs that have been long in ufe. oo 
Let the poker be held nearly upright, with its point downwards ; and 
let one of the foft fteel bars be held tightly againft the middle of the 
poker bya thread with its N. end downwards ; then with the lower end of . 
the tongs, held alfo nearly upright, ftroke the {tez] bar from the N. -nd 
upwards, about 10 times, on both fides : and in this manner ferve four of 
the foft fteel bars ; and each will be’ made able to fufpend a {mall key by 

its N. end. . 7 
| . Lay 
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Lay the other two foft fteel’ bars in a parallel pofition, at the diftance 
of 4 inch, with a N. and S. end to touch each of their proper ‘condu€tors. 
‘Then placing two of the touched fteel bars together, breadth to breadth, 
the N. end of one to the S. end of the other; and the other two put in 
ike manner againft thefe, one on each fide, fo as to have two north ends 
together, and alfo two fouth ends; feparate with a large pin the two 
north points from the two fouth points, at one cnd; and to the middle 
of one of the two foft bars apply the open end of the compound bar, held 
‘upright, with the two -norths towards the fouth end of the lying bar, and 
gn this pofition flide the compound bar backwards and forwards four 
times the whole length of the lying bar, ending at the middle; from 
whenee remove the compound bar to the middle of'the other lying one, 
which rub in like manner: then turn both bars the other fide upwards, 
and repeat the operation on each. Let the two lying bars make the in- 
ner two -of the compound one, and place thofe which were before the 
two outfide ones between the condu€tors, on which the operation of 
rubbing is to be performed with the end of the compoufded bar. -Re~- 
~ peat this operation until each pair of bars-has been rubbed’ four times, and 
‘their magnetic power will be greatly increafed. 

Now putting three contiguous N. ends to three S. ends, with this 
compound bar, the lower ends being opened with a pin, as before, touch 
two pairs of the hard bars, placed at half an inch diftance, between their 
proper conductors, in the manner above deftribed ; and with thefe four 
touched bars make a compound one to touch the other pair 3’ obferving 
that the lower ends be parted near a quarter of an inch after they are 
fet on the middle of the lying bar, and that they are clofed before they 
are taken off: touch each pair of hard bars three times over, and thefe 
bars will be ftrongly magnetical. “To make them more fo, let each pair, 
lying between their conductors, be touched twice over by two others, 
held as nearly horizontal as can be, one in each ‘hand, by drawing at 
the fame time the N. end of one from the middle of the lying bar over 
its S. end; and the S. end of the other from the middle over the N. end, 
and bringing them every time to the middle of the lying bar without 
touching it. Four of thefe horizontal ftrokes along each fide will give 
as much magnetic {trength to the hard bars as they feem capable of re- 
ceiving ; and each bar, if well hardened, will lift near two pounds weight 
avoirdupois. | 


a 9. To preferve thefe Artificial Magnets. 


_ The fix hard bars, with their two condu&tors put end to end as one 
bar, fhould be kept in a cafe ; the bars being put face to face, having a 
_N. and S. end together alternately ; thus they will retain their virtue a 
‘Jong time, and be ready for any experiments : and fhould their power be 
found to fail, it may be reftored, by the latter part of the operation, in a 
few minutes, ; | 


e 


20. Jo 
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20. To give Magnetifm to Compa/s Needles. 


Lay the two necdles of equal length, about an inch afunder, with the 
N. end of one and S. end of the other pointing the fame way, and ap- 
ply twd conductors in contact with their ends. Then with two mag... 
netic hard bars, one in each hand, and held as nearly horizontal as can 
‘be with the upper ends of contrary names turned outwards to the right 
and left, let a needle be ftroked or rubbed from the middle to both ends 
at the fame time, for 10 or 12 times, a N. end of a bar going over the 
S. end of the needle, and the S. end of a bar going over the N» end of 
a needle. Then without moving fron the place, change hands with 
the bars, or, in the fame hands, turn the other.ends downwards, and 
ftroke the other needle in like manner, and they will both be magneti- 
cal. But to make them {till ftronger, repeat the operation three or four 
times from needle to needle; and at laft turn the lower fide of each 
needle upwards, and repeat the operations of rubbing them, as on the 
other fides. 

In the rubbings or touchings to procure magnetifm, the hand fhould 
not return direétly back the way it came, but fhould return in a kind of 
oval figure, carrying the hand about fix or eight inches beyond the point 


’ of the bar or needle where the touch ended ; but not beyond the point on 


the fide where the touch begins. 

It may be proper to obferve, that the needle, which before it was made 
magnetical, hung level on its pivot, does afterwards incline to the ho- - 
rizon; which inclination is called ks Dip: The horizontality is to be 
reftored by putting a finall counterpoife, or ring of brafs wire, on to that 
end of the needle which appears to be the lighteit. 


PROBLEM. 
Io make an obfervation with the Azimuth Compa/s. 
21. I For an AMPLITUDE *®*. 


When the center of the fun is about one of his diameters above the 
horizon, turn the compafs round in the box, until the center of the fun 
may be feen through the narrow flit which is in one of the fight vanes, 
exactly on the thread which bifects the flit in the other, at that initant pufh 
the ftop which is in the fide of the box againft the edge of the card, and — 
the degree, and parts of a degree, which ftand again{t the middle line on 
the ftop, is the amplitude of the fun for that time. 


2.2. Il... For an AZIMUTH +. 

Turn the compafs round in the box until the center of the fun may be 
feen through the narrow flit, which is in one of the fight vanes, exactly 
on the thread which bifects the flit in the other; or, until the fhadow of 





* Amplitudes are from abfervations made on objects in the horizon. See 
Book V. 112, 147 to 152. 


+ Azimuths are from obfervations made on objects above the horizon. 
See Book V. 111, 152. ie 
3 that 
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that thread falls dire@tly along the line of the index: when either of thefe 
is effe&ted, pufh in the ftop againft the ed. of the card, and that degree 
and parts of a degree which ftand again{ft the middle line on the ftop is 
the azimuth of the fun at that time. 

What is here faid of the fun, is in like manner to be applied to the ftars. 


23. When there is a rough fea, and the fhip rolls much, the obfervation 
is beft performed by two perfons, thus: | 

Let one look through the fights, and turn them till the thread cuts the 
center of the fun, and be fure to keep a conftant fight of it, notwith- 
ftanding the motion of the fhip, which being fignified to the affiftant b 
any word, let him that inftant obterve what degree of the card is apaintt 
the middle line of the -ftop, and the arc intercepted between that point 
and the meridian will fhew the quantity of the magnetic amplitude or 


azimuth. If the card fhould vibrate very much, let hitn take the middie ~ 


degree between the limits to which the vibrations extend. 


When the magnetic azimuth of any object is obferved, its altitude muft, 


alfo be taken at the fame time. 

- This inftrument is alfo ufeful in fetting the fhip’s wake, in order te 
find the lee-way ; and alfo to find the bearings of headlands and* other 
objects, ° 


SECTION III. 
24. To work an Amplitude. 


The true amplitude of a celeftial object is its diftance from one of the 
cardinal points of the horizon, at‘the rifing or fetting of that object. 

The amplitude ts reckoned eaftward in the morning ; but it is named 
weftward in the evening. | 

The cuffomary way of accounting the amplitude is, to reckon it fo 
much to the fouthward or northward of the eaft in the morning ; and 
in the evening fo much to the fouthward or northward of the weft: but 
as bearings are generally taken from the meridian, in the following 
_ pages the amplitudes will be eftimated chiefly from the north point of the 
horizon. 

The finding of the true amplitude at fea is of confiderable importance 
in navigation; for the true courfe which the fhip has fteered is partly af- 
¢ertained thereby. | 


as. PR O- 


i See” Cane 





25. - PROBLEM ° 
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Given the latitude of the place, and the declination of a cele eflial shel: : 
Required the true amplitude of that objec? 


Pd 


SOLUTION, 


Say: As the co-fine of the latitude is to radius. 

_ So is the fine of the given dec]. to the co-fine of the snoieide 

Or, Add 10 to the index of the log. fine of the declin, and fubtra@ the 

log. co-fine of the latitude from the fum, the remainder is the — 

log. co-fine of the true amplitude. 
The amplitrde, thus found, is to be reckoned from that point of the ho- 
rizon or compas, which i is of the fame name with the declination of that 
object. 

If the amplitude be wanted from the eaft or weft points of the hori- 
zon, the laft term of the proportion will be a fine inftead of a co-fine ; 
and the amplitude is to be taken to the northward of thofe points, when 
the declination is north; or to the fouthward, when the declination is — 


fouth. 


26. SOLUTION BY THE TRAVERSE TABLE. 


With the declination among the courfes, find the departure to the dif 
tance 100. 

With the given latitude among the courfes, and faid departure in the 
column of latitude, find the diftance. 
_ Look fora column of departure, where this diftance ftands againft 100 
in the column of diftance, and the degrees in the i a courfe 
will give the amplitude from the eaft or weft. 

This rule will always give the degrees as truly as by logarithms: and — 
as the magnetic amplitude cannot be obferved more exactly, the true am- 
plitude will be had fufficiently correct by this rule. 


Exam. I. Jn the latitude of 38° 2 5 N. what is the Sun’s true amplic | 


- tude when his declination is 18° 59/ N.? 


By Logarithms. . + By the Traverfe Table. 
As cof. lat. == 38° 25% 0,10595 
To radius == k 10,000c0{To decl. 19° oo’, and dift. 100, the 


So fin.decl = 18. 59 9,51227| dep. is 32,56. 

w———— | To lat. 38° 25’, and diff. lat. 32, the 
To fin. hor. arc== 24 32 9,61822| dift. is 41. 
—|To dift. 100, and dep. 41, the courfe 
Subtract from go 0 for N.dec.| is 24° 45’. Therefore the horizon- 
tal arc 1s 24° 45’. 








Rem. trueamp.= 65 28 from N. 


In this and the following examples the neareft degree and minute to 
the declinatian, that can be found in the Traverfe Table, is taken for the 
declination. 


EXAM. 
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Exam. II. Required the Sun’s true amplitude in the lat. of 51° 32/ N. 
when the Sun’s declination is 20° 56 S. | 





By Logarithms. By the Traverfe Table. 
As cof. lat. == 51° 32° 0,20617 : 
To radius — R 10,00000| To dec]. 21° 00%, and dift. 100, the 
So fin. decl = 20 56 9.55301 dep. is 35,8. 
To lat. 51° 30’, and diff. lat. 35,8, 


To fin.hor. arc = 35 03 9575918 the dift. 1s 57. | 
——|To dift. 100, and dep. 57, the courfe 





Add:ta g0 oo for S.decl.| = is 34° 45’. Theretore 35° may 
. —ee e taken for the horizontal arc 
Givestrueamp.—125 03 fr. the N. fought. ' 


Exam. III. When the Sun’s declination was 20° 10’ S. what was his 
amplitude at the Cape of Good Hope, in lat. 34° 15/8. ? 


_ By Logarithms. By the Traverfe Table. 
As cof, lat. = 34° 15° 0,08271 
To radius —=R 10,00000|To decl. 20° 15’, and dift. 100, the 
So fin.decl = 20 10 9553751 dep. is 34,6. 
—j|To lat. 34° 15°, and diff. lat. 34,6, 
Tofin. hor. arc = 24 39 9,62022 the dift. is 42. 
ame To dift. 100, and dep. 42, the courfe 
Which add to go oo for S. decl. is 24° 45’. Theretore 25° may 
—— be taken for the horizontal arc 
Gives trueamp.=114 39 fr. the N. fought. 





— Exam. IV. On what point of the horizon does the flar Arcturus rife aud 
fet at Buenos Ayres, in lat. 34° 35’ 8. ? 


By Logarithms. By the Traverfe Table. 
As cof. lat. = 34° 35° 0,08444 
‘To radius —=R 10,00000| To deci. 20° 30’, and dift. 100, the 


So fin. decl = 20 29 9454399 dep. 15 35,0. 

—: To lat. 34° 30’, and diff. lat. 35,0, 

To fin. hor. arc == 25 09 9,62843 the dift. 1s 42,5. 

To ditt. 100, and dep, 42,5, the courfe 

Which add to 90 00 for S. dec. is 25° 15°. Therefore the hori- 
— zontal arc may be taken as 25 de- 

Gives trueamp.=115 09 fr. the N. grees. 





rN 
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: SECTION IV. 
27. Jo work an. Azimuth. 


The true azimuth of a celeftial obje& is its bearing from the north or 
fouth points of the horizon, when above it. 

In the forenoon the azimuth is reckoned eaftward, and in the afternoon 
weftward. ; 
. The azimuth is ufually eftimated from the fouth, when to the fouth- 
ward of the eaft or weft points of the horizon ; and from the north when 
to.thé northward of thofe points. 

The ufe of the azimuth is to find the variation of the compafs, in order 
to correct the courfes which the fhip has fteered. 


28, - PROBLEM. ae 
The latitude of the place, the declination of the objet, and its altitude being 
known; required the true azimuth of that objec?. 


SOLUTION. 

When the latitude and declination are of the fame name, Jet the co. 
declination be called a. : 

But when of contrary names, add the declination to go degrees, and. 
eall the fum a. 

Let the difference between the co-lat..and co-alt. be called p. 

Alfg, find the half fum and half difference of A and p. 

Then write thefe four logarithms under one another. 

Namely: The arith. comp. of the log. fine of the co-latitude. 

The arith. comp. of the log. fine of the co-altitude. 

The logarithmic fine of the forefaid half fum.of a and: p. 

The logarithmic fine of the forefaid half diff of a and pb. 
_ Add thefe four logarithms together, and take half their fum, which 
feek among the fines for the correfponding de:rees and minutes, and 
thefe being doubled will give the true azimuth required: from the north, 
in north latitudes, and from the fouth in fouth Jatitudes. ; 

The working of an azimuth by logarithms, although as fhort as any 
numieral folution of this problem can be expected to be, has been thought. 
one of the moft tedious elements that. enter into a common day’s work : 
but by Gunter’s. fcale, it may be readily done as follows, and fufficiently. 


corre, . 
29. - To work an Azimuth ly the Gunter’s Scale. | 


Find the-co-lat., co-alt., the halffum, and half difference, as above. 
Then, On the {cale of log. fines, fet one point of the compaffes on the 
half fum, extend the other point to the co-lat.,obferving whether the 
fecond point falls to the right or left of the firft, and take the compaffes 
off withoyt altering their extent. | 
Set.one point on the co-alt., and let the fecond point fall where it will 
(the fame way it did before) ; there hold: it, and- open the compaffes till 
the other point falls on the half difference, then take them off without al- 
tering their extent 7 ~ 
: OW 


i 
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Now fet one point of the compaffes on the brafs pin at the beginniny, or 
right hand end of the {cale of verfed fines (marked. V. 8.3, turn the ozher 
point to the left, and obferve what degrees and minutes in the veifed 
fines it falls on; thofe degrees and minutes will be the azimuth, if we 
latitude is fouth: but if north, take them from 180°, and the remainder is 
the azimuth fought, reckoned in both cafes from the north. 

If the extent, when applied from the co-alt. to a fourth, fhould reach 
beyond the right-hand end of the fcale, as will fometimes happen, then lay 
the Gunter flat on a board or table, and let the point reft on it in a line 
with the fines, and take the extent from thence to the half difference, and 
work as before. ) 

Thefe directions, with thofe in Book IIT. 84, 85, will remove all the 
feeming difficulties, that beginners may meet with, in working an azimuth ° 
by the Gunter’s {cale. | 


Exam. I. At fea, in latitude 40° 38/ N. in the afternoon, the Sun’s al- 
titude was ol/erved to be 20° 46’, when his dechnation was 17° 10! §.: Re- 
quired the Sun’s true azinuth at that time. 


By LoGaRiTHMS. 











The co-alt. is 69° 14° Ar. co-log. fin. co-lat.= 49° 22” 0,11982 
The co-lat. is 49 22 ' | Ar. co-log. fin. co-lats= 69 14 0,02917 
ea . Log. fin. $= fum = 63 31 9.95185 
The dif. p==19 52 Log. fin. 5 diff. = 43 39 9,83901 
Now 107° 10’==a=90° & decl.| The fum of the four logs 19:93985 
And 19 52= p. |  aaeaimmned 
ee Their 3 fum gives 38° 55” 996992 

127 02/63° 31’==} fum. 
2) — The double is, 137 50, which is the Sun’s true 





. 87> 18/43 — 39==1 diff. | azim. from the N. point of the horizon. 


| . By GuNTER’s SCALE. | 
On the fines, the extent from 63° 31’ to 49° 22’ will reach from 69° 14’ 
to a little more than 52°. Let the point reft there, and extend the other to 
43° 393 this extent will reach from the beginning of the verfed fines to 
about 42°, which taken from 180, leaves 138° for the azimuth from the N. 
point of the horizon, and is very near what was found by the logarithms. 


Exam. II. What is the Sun’s true’ azimuth in the latitude of 26° 30' Nw 
when his altitude in the forenoon is 24° 28', and his decl.is 22° 40’ N. ? 


By LoGARITHMS. 





The co-alt. is 65° 32" Ar. co-log. fin. co-lat. == 63° 30° 0,04828 
The co-lat. is 63, 30 Ar. co-log. fin. co-alt. = 65 32 0,04086 
—— | Log: fine 5 fum = 34 41 9.75514 
The diff. p== 2 02 Log. fine 3 diff. == 32 39 0,73200 
Now 67° 20’=a, is go° lefs decl. | The fum of the four logs 19,5762! - 
And 2 oz=p. : pacientes 
Their 3 fum gives 37° 52° 978810 
69 22/34° 41°} fum. ae 
=< . The double is, 75 44, which is the Sun’s true 








65 18|32 39==3 diff. | azim. from the N. point of the compafs. 
3 By 
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By GuUNTER’s SCALE. 


On the log. fines, the extent from 34° 41/ to 63° 30’, will reach from 
65° 32’ to fome point beyond the right-hand end of the fcale; let the 
point of the compaffes reft ‘there, and extend the other point to the fine 
of 32° 39’, and this extent will reach on the verfed fines, from the begin-~ 
ning, or o deg. to 104° 20’, the azimuth from the fouth, nearly as found 
by logarithms. 

Exam. III. At the ifland of St. Helena, in lat. 16° 00/S. the Sun’s ale 
titude was obferved in the forenoon to be 30° 22’, when bis declination was 
22° 58’ S.: What was the Sun’s azimuth at that time? 











The co-lat. is 74° 00° Ar. co-log. fine co-lat. == 74° 00’ 0,01716 
The co-alt. is 59 38 Ar. co-log. fine co-alt. == 59 38 0,06409 
Log. fine ium == 40 42 9,81431 

The diff. p= 14 22 Log. fine 2 diff. 26 20 9,64698 
Now 67° o2’=a, is go® lefs decl.| The fum of the four logs, 19,54254 

_ And 14 22==p. —————« 
—— Their ? fum, gives 36° 12° 977127 





. Bt 24/40° 42’= Z fum. 
Which doubled, is 72 24, for the Sun’s true 
§2 40/26 20 = } diff. azim. from the fouth, or 107° 36’ from the N. 

Or thus: The extent from 40° 42’ to 74° 00’ on the fines, will reach 
from the fine of 59° 38’ toa point beyond the limits of the fcale s then the 
extent from that point tothe fine of 26° 20’, will reach on the verfed fines 
from 0 deg. to about 107° 40’, the azimuth from the north. 

Exam. 1V. On what point of the horizon, at the Cape of Good Hope, does 
the flar Aidebaran bear, when-its altitude 15 22° 25/ ? 














The co-alt. is 67° 35° Ar. co-log. fin. co-lat. == 55° 45° 0,08272 
The co-alt. is 55 45 Ar. co-log. fin. co-alt. = 67 35  0,03412 
a SEES Log, fin.} fum = 58 54 9.93268 

The dif. p==11 50 Log. fin. ¢ diff. = 47 05  9,86472 
Now 105° 59’==a, is 90, and decl.| The fum of the four logs. 19,91416 
And 11 s0==p. EES 
mee Their 2 fam gives 64° 57’ 9:95708 

117 49/58° 54°= ¢ fam. aioe 
2) rel gece Which doubled, is 129 54, for the Sun’s true _ 





94 09147 05 == i diff. 'azim. from the S. or 50° c6 from the N, 

Or thus: The extent from about 59° to about 67° on the fines reaches 
from about 553° to about 63°: then the extent from about 63° to about 
47°, reaches from the beginning of the verfed fines, to about 50° for the 
azimuth from the north. = 

Thefe examples fufficiently thew, that an azimuth may be worked by 
the Gunter’s fcale, not only with great readinefs, but alfo as accurately ag 
the magnetic azimuth can be taken by the compafs. 

The manner of working amplitudes and azimuths has been pretty 
largely infitted on, in order to render them familiar to mariners ; who, for 
the generality, efteem thefe operations very troublefome; and it is on this 
account that many writers have contrived various tables to remove the 
trouble complaincd of: but from a due confideration of what is here done, 


it is apprehended fuch tables will not hereafter be much wanted. 
Vou. I, Ui i- §ECTION. 
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SECTION Vv. 


30. ~ Of the V ariation of the Compafs.: 


The magnetic poles are thofe points of the world, towards which the 
north and fouth ends of the needle in the fea compals are direGed. 

Magnetical meridians are imaginary lincs, paffing through the magnetic 

oles. 
: The vartation of the compafs is the difference between the bearings of 
the true and magnetic north poles and ts meafured by an arc of the ho- 
rizon contained between the true and magnetic north points of it. 

The variation is named eaff, when the magnetic north pomt is to the 
eaftward of the true north: but when to the wetiward, it is named wef? 
Variation. ° 

The magnetic amplitude of a celeftial object is its bearing by the com- 
pafs when in the horizon. 

The magnetic azimuth of a ccleftial object is its bearing by the com- 

_ pals when above the horizon. _ 

The variation is found by comparing the true and magnetic ampli. , 
tudes or azimuths of celeftial objects together.” * — 

The ufe of the variation is to correct the courfés which a fhip ‘has 

_fteered by the compals. 


31. : PROBLEM. 


Given the tree and magnetic amplitudes or azimuths Ff a a sf ial objc& : 
’ Required the variation of the compas. , 


ee 


SOLUTION... et. 2 


af 


Let the true and magnetic amplitudes or azimuths, be'reckoned from: 


the north; and named eaft when the obfervation is made tn the ferenoon 3 3 
but weft when made in the atternoon., 
Then the difference betweei the true and magnetic amplitudes or azi- 
avuths, ts the variation of the compafs. ! 
And is of the farne name as the true amplitude « or r azimuth, if the true 
$s _,.cater than the magnetic : but when the true is lefs than the magnetic, 
; ‘33 vcriation is of a contrary name to the true amplitude, or azimuth. 


“or, let N reprefent the true north point of ne horizon, and the arc 
wiv the true amplitude or azimuth: it is evident, that if the arc owa, 
seyueeuting the magnetic amplitude or‘azimuth, be lefs than own, then 
cae Liggnetic north point of the compafs will fall on the fame fide of the 
true nowth, chat the amplitude or azimuth is on ; but when greater, # falls 
UN tne eputiayy jide. Plate XIV. me: 8. 
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Exam. 1: The Sun was obferved| Exam. Il. The Sun was obferved 
to rife 70° from the north by the com-|by the compafs to fet WS WV. when bis 
pafs, when bis true amplitude was N.| true amplitude was N. 126° 17! W.: 
81°45’ E.: What was the variation,| Required the variation of the compat, 


and which way ? and which way. 
True amplitude == 81° 45’ E.| True amplitude == 126°17'W. 
Magnetic amplitude == 70 00 Mag. amplitude == 112 30==10pts 


came Gfcenmtrcmmaaniies Cet eS 


11 45 E.| The variation == 13 47 W. 


The variation 


Exam. IIIf. Suppofe the Sun’s true} Exam. 1V. When the Sun was ob- 
azimuth be N. 84° 40' We when ferved'te bear ESE. bis true azimuth 
his bearing was W. b. 8. by the com-|was found to be N. 88° 46’ E.: What” 
pafs: Required the quantity and quality| was the quantity and name of the vax 


of the vartation. riation ? 
True azimuth = 84° 40° W. True azimuth = 88° 46’ &, 
Mag. azimuth = 101 15 ==g pts.| Mag.azimuth = 112 30 
The variation == 16 35 E. The variation == 23 44 W. 


The manner of finding the variation being known, the courfes may be 
corrected by the following rules. 


32- | PROBLEM. 


Given the courfe fet, and the variation of the compafs. i 
Required the true courfe the fhip fleers. | 


SOLUTION. 


Let the perfon fuppofe himfelf leoking the way the fhip fails; then the 
courle fteered by the compafs maft be altered as many degrees, or points 
and parts of a point, as the variatien amounts to toward the right hand, 
if the variation be eaft; but it muft be altered the like quantity towards 
the left hand, if the variation be weft. : 


Exam. I. Suppofe the wariation is 13 point W.; to corre? thefe courfes, 
NNIV.; SH. 3¢.; SE.bS8.4£.; BNE. E, 


Courfes fet NNW. 2 pts.|SW.£W.4} pts.| SE.b.S.4E.33 pts. { ENEIE 6} 
Variation Add 15 pts.| Subtr. 14 pts.| Add « 12 pts. | Subtract 1 





Cor.co.NW.b.N.iW.3# pts.\SW.b.S. 3. |SE.DEJE.5$ | NELE. 4 
Exam. I[. The variation is 18° E. 3 to correé the following courfes. 











Courfes fet N.E. b.N.2533° 45’ [| S.b. Eecorzr? 15/  (S.W.b.W.= 56° 15’ NW.=45° 00° 
Variation Add 18 co Subt. 18 co Add 18 oo Subtr. 18 oo 
Ss. 6 45W. S. 74 15W. N. 27 09 





Cor. cour. N. ~~ 51 45 E. 
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SECTION VL. 
33- Of finding the Ship's drift, or leeway. 


When a fhip turns to windward, or is clofe hauled on a wind, fhe gene- 
rally runs to the leeward of her intended courfe. 

LEEWAY is the angle which the fhip’s real courfe makes with her ins 
tended courfe, occafioned by contrary winds, and a rough fea. 

The leeway made by different fhips, under the fame circumftances of 
wind and fails, will be different ; and even the fame fhip, when differently 
Jaden, and having more or lefs fail abroad, will make miore or lefs leeway. 
However, the following precepts for allowing for the leeway have been 

enerally given by Englith writers; they werc Rit publifhed by W. Jones, 
Eig. who had them from Mr. John Buckler. . 


34. Allowances for Leeway. 
ft. When a fhip is clofe hauled, has all her fails fet, the water fmooth, and 
a moderate gale of wind, fhe is then fuppofed to make little or no leeway. 
ad. Allow one point, when it blows fo freth that the {mall fails are taken in. 
3d. Allow two points, when the top-fails muft be clofe reefed. 
4th. Allow two points and a half, when one top-fail muft be handed. 
sth. Allow three points and a half, when both top-fails are to be taken in. 
6th, Allow four points when the fore courfe is handed. 
het Allow five points, when trying under the main-fail only. 
th. Allow fix points, when both main and fore courfes are taken in. 
th. Allow feven points, when the fhip tries a hull, or all fails handed. 
Vhen the wind has blown hard on any point of the compafs, and fhifts 
to the oppofite point, the fhip will make lefs leeway than fhe did before.. 
But in all thefe cafes refpect muft be had to the roughnefs of the fea, 
and the trim of the fhip. 


356 PROBLEM. 


Given the place of the wind, the courfe fet, and the leeway. 
Required the true courfe the fhip makes. 


Rue. Count the neareft way of the compafs from the wind to the 
courfe fet, and as many points and parts beyond as the leeway 
amounts to; and it gives the true courfe which the fhip makes. 
Exam. I. The wind NV. b.N.| Exam. Ii. The wind SE. b. S. a 
the courfe fet NE. b. N. leeway 1|fhip is clofe hauled with ber Aarboard 
point : What is the courfe made good ? | tacks aboard, and both tap-fails band- 
The wind NW. b. N. ed: What is her true courfe? 
Courfe fet NE. by N. == 3 points. | The wind SE. by S. 
And the leeway = 1 point Courfe fet E. b. N. =<=7 points. 
— Subtra&t leeway ==3 points. 
True courfe NE, ° == 4 points | ‘Tyne co. NE. by N. 2 E.==3ipoints. 


Here, counting the neareft way inthe| The thip being clofe hauled, is fup- 
compais from NW.b.N. to NE. by N.|pofed to be 6 pts. from the wind, and 
and one point farthcr for the leeway,| muft be in the NE. quarter, being on 
becaufe the wind drives her farther to-|her ftarb. tacks: then counting 6 pts. 
wards the eaft, will g:ve NE. for the; from SE. b. S. gives E. by N. 7 pts-3 
true courfe that the fhip makes. from which the leeway is to be taken. 


SECTION 
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- SECTION VIL 
Of Inftruments for taking Altitudes. 


The altitude of the Sun, or any other celeftial object, may be obferved 
by inftruments contrived after various ways ; thofe only which are beft 
adapted for ufe at fea, will be here confidered. 


Of Davis’s QuaADRANT. 
36. The Defcription and Uje. Plate XIV. Fig. 9. 


The inftrument moft in ufe at fea, until about the year 1740, is b 
us called Davis’s QUADRANT, and by foreigners the ENGLISH Qua~ 
DRANT. Itconfifts of two arches, making together ninety degrees, and 
is therefore called a quadrant. ‘Thofe arches are fixed in the fame plane, 
one above, and the other below a ftraight bar, the length of which is 
equal to the radius of the lower arch, and about three times the radius of 
the upper arch; and they are connected and fupported by proper braces. 

The upper, or, as it is commonly called, the GREATER ARCH ufually 
contains 65 degrees, not fubdivided into fmaller parts ; and the Lesser 
ARCH contains 25 degrees, which, on account of their larger fize, are 
{ubdivided into fmaller parts, and thefe, by the help of diagonal divifions, 
and 13 concentric circles, are ufually fubdivided into fingle minutes. 

There are three pieces called vanes, fo fitted to the inftrument as to 
ftand at right angles to its plane. 

Firff, The Horizon Vane is fitted to flip on the end of the bar or 
radius, clofe to the center of the two arches. In this vane there is a long 
flit, through which the horizon, that is, the line where the fky and water 
apparently meet, is to be feen. 

Secyndly, The Si¢ut Vane, which is fo fitted as to flide along the lefler 
arch of 25 degrees, having a fharp edge to cut the divifion it ftands at ; 
and in a line with this edge is a {mall hole, through which the horizon is 
to’ be feen through the flit in the horizon vane. —_ 

Thirdly, The SHADE Vang, which is fitted to flide on the greater, or 
65 arch. The upper line of the fhade caft by this vane js to fall on the 
a of the flit in the horizon vane during the time of obfervation. | 


nftead of the fhade vane there is generally ufed another, called the ._ 


Giass Vane, becaufe it has a convex lens (or, as ufually called, a burn- 
ing glafs) fitted to it, which collects the Sun’s rays into a bright fpot on 


' the horizon vane. 
. . AB, is the bar or radius. sc, the leffer or 25 arch. DE, the greater or 


65 arch. ab, cg, bi, are braces which fix the arches to the radius, and 
ftrenethen the inftrument. c the horizon vane. H the fight vane. F the 
fhade or glafs vane. OFA aray of the Sun. ZDAc aright angle, or go’. 


37. To obferve the Sun’s altitude or zenith difance by Davis's Quadrant. 
See Plate XIV. Figure g. 


Firft, Put the horizon vane onto the end a of the bar aB; and let 
it go clofe to the fhoulder at a. a the fhade or glafs vane on the arch 
| a RE 


- 


ee ES | ee eo 
—__ em x 


246 DAYS WORKS. Book IX. 


“ 


DE to an even degree, about 10 or 1§ degrees Icfs than what the zenith 
diftance is judged to be; and put the fight vane H about the middie of the 
arch Bc: obferving that the fhade and fight vanes be thruft clofe to the 
backs of the arches. ; 
Srcondly, Turn your back to the Sun, hold the plane of the inftrument 


in an upright pofition, look through the hole in the fight vane, and raife ‘ 


or Jower the quadrant until the bright fpot caft by the Sun through the 
giafs vane, falls on the © in the line drawn through the flit in the horizon 
vane; then, if the horizon is feen through the flit in the -horizon vane, 
even with the ©, the quadrant will give the Sun’s altitude or zenith dif 
tance at that time. 

Thirdly, But if the fky appears through the flit inftead of the horizon, 
flide the fixht vane H higher, until the horizon coincides with the briche 
{pot falling on © 3 or if the fea appears inftead of the horizon, flide the 
fide vane H lower, until the {pot and horizon come together, and the ub- 


fervation at that time is made, 


Fourthly, To. the degrees between p and F add thofe between c and w, 
their fum gives the zenith diftance ; but the degrees between B and H, 
added to thole between F and B, fhew the alritude, 

«8. Now to find the latitude, the meridional altitude or nteridiona! zeni:h 
diftance of the Sun is wanted. Therefore begin fome time before nown, 


and havin taken an obfervation as above dirccted, wait a minute or two, | 


: . : > 
and obferve again; and if the fea appears through the horizon vane the 


Sun hes gotbizher, therefore flide the fizht vane lover, till the foler fiot 
and horizon coincide; and thus continue olferving at fhort intervals, 
unth tee fky appearing inflead of the fea thews thatthe Sun has paft tne 
meridian; when ‘his happens, ict the vane fland as at the laft alteration, 
and add the devrees in the greater are to the degrecs and minutes in the 
leffer, their fum gives the meridional zenith distance. 

If inftead of the brig et folar (pot, the upper border of the fh-de be made 
to fall upon the horizon line, at the time the horizon is feen throuzh the 
flitin thac line, then the fum of the arcs is the zenith diftance cf the 
Sun's upper edce or limb, to which add 16 minutes, and the fuin is the 
diftance of the Sun’s center from the zenith *, 

39. One great objection againtt this inffrument is the trouble and time 
loft in fliding the fight vane up or down, which fometimes cannot be done 
without taking the quadrant from the eve, by which means an opporty- 
nity may be loft of making the obfervation. But this defect is removed 
by having an index or ruler fitted to the quadrant ; one end of it moving 
round the center to which the horizon vane is fixed, and the other carry- 
ing the fight vane along tie arch. By this contrivance the fight vane may 
be readily raifed higher, or lowered, by the motion of the index about its 
center, without taking the tnfirument from the eye. 





© This rule is given by moft writers; but as the extremity of every fha- 
dow caft by the fun is penumbral, too faint at the very extremity to be per- 
ceptible, and fo nearly dark before it is reatly fo, that the limit of the pen- 
umbra cannot be diftinguifhed, it is obvious that it caanot be proper for 
practice, where the obierver mutt neceflarily take the middle between the 
two: nothing muft theretore be allowed for the Sun’s femi-diamecer. 


40. There 
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40. ‘There is another inftrument, called a Fore Starr, or Cross 
STAFF, that has been long ufed at fea for taking the altitudes of celef- 
tial objects, particularly the ftars. Jn ufing this inftrument the obferver 


‘holds one erd of the ftaft, which is a three-feet rod, clefe to one fide of his 


eye, and flides a tranfum or crofs piece, which is in an upright pofition, 
along the ftaff, until one end of the crofs touches the ftar, and the other 
end the horizon at the fame time; then the divifion of the flaff, which 
the crofs ftands againft, is the altitude, But the many inconveniencies 


‘which attend the ufe of the crofs-ftaff, make it now of iittle note, efpe- 


cially fince the ufe of Hadley’s quadrant is become more general ; as this 
inftrument far furpaffes all others for obferving altitudes and diftances of 
ccleftial objects at fea, bath in eafe and accuracy. 


Of HADLEY’s QUADRANT. 


41. a The Defcription and Uje. Pl. XIV, Fig. 11. 


This inftrument confifts of the following parts: 
I, dhe arch Be, which is generally an octant, or eighth part ef a cir 
cle; but is more ufeful when it is a fextant, or fixth part of a circie, 
If. The index p, with its Vernier’s fcale. 
III. The fpeculum e. . oe 
IV. Two horizon glafles, F and G, with their adjufters. 
V. Two fkreens, K, Ke Qa 
VI. Two fight vanes, H, I. 
; 2 


~~ 


L Of the Oéfant. . 


The o¢tant confifts of the two radius’s or -bars AB, AC3 the arch or 
Jimb Bc; and the two braces, L, mM, which are to ftrengthen and pre- 
vent it from warping. Although the arch contains only the eighth part 


of the circumference of a circle, or 45 degrees, it is divided into go pri- 


mary divifions, each of which ftands for a degree; they are numbered 
QO, 10, 20, 30, ec. to go, beginning at each end of the arch for the 
convenience of numbering both ways, either for altitudes or zenith dif- 
tances. Every degree is fubdivided into two or three parts, and thete 
again into fingle minures, either by diagonals, or Vernier’s method, which 
is better. 


II. Of the Index. 


The index p is a flat bar, moveable round the center of the inftrument; 


. that part of the index which flides over the graduated arch 3c, has either 


a fharp edge to cut the diagonal divifions, when the limb is fo divided, or 
has Vernier’s fcale on it. | 

From the bottom of the index a piece of brafs‘turns up againft the back 
of the inftrument, with a {crew in it, ferving to faften the index againit 
any divifion. : : | 
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When the index is moved along the arch, it fhould be taken hold of by 
the bottom part, and not by the midule. | 

The principles, upon which the Vernier’s fcale depends, were fhewn in 
Book V. Art. 21g ; but it may be proper to add fome general dire@ions 
in this place, by which learners may be enabled to read the degrees and 
minutes fhewn by the index. oe 

The generality of Hadley’s quadrants are of 15 or 18 inches radius, 
and have each degree on its limb divided into three parts, of 20 minutes 
each. The breadth of the Vernier’s fcale is therefore equal to 7 de- 
grees; and as thefe feven degrees are divided into 21 parts on the Irmb, 
each of 20 minutes; the fcale is divided into 20 equal parts: confe- 
quently each divifion. on the fcale is larger than each divifion on the limb 
by ,'sth part of a divifion on the limb, or ,.th of 20 minutes ; that is, 
each divifion on the fcale exceeds each on the limb by 1 minute of a de- 
gree: confequently, if any one divifion of the Vernier’s fcale ftands againft 
one of the divifions on the limb, no other divifion on the {cale can coin- 
cide with a divifion on the limb. 

Now the middle line of the index p, which is the moveable radius of 
the quadrant, is the index, or pointer, of the Vernier’s fcale, and is ufually 
its middle line; there being ro divifions, or minutes, on each fide, num- 
bered 5, 10, to the right, and 15, 10, to the left; that is, the firft 10 
minutes of the fcale is reckorfed in order from the middle line or index to 
the right ; and the latter 10 minutes is to be reckoned from the left-hand 
end of the {cale toward the right, and ends at the middle line, where the 
others began. 

Suppofe the middle line, or index of the Vernier ftood againft 48°, and 
fomewhat more than one fubdivifion on the arch of the inftrument. Exa- 
mine, firft towards the right hand of the fcale, if any of its divifions ftand 
againft a divifion on the arch; and fuppofe that the 7th divifion from the 
middle one is found to do fo, thefe feven muft be added to what the 
middle line on the Vernier {tood beyond on the arch; that is, to 481°, or 
48° 20’, and the whole will be 48° 27’ that the index of the inftrument 
{tood at on the arch. But if none of the right-hand divifions ftand againft 
a divifion on the arch, examine thofe on the left-hand, beginning at the 
extreme one, and proceeding toward the middle; and let the 16:h di- 
vifion be that which coincides with a divifion on the limb (for fome one 
will) ; then thofe 16 added to 45° 20’ make 48° 36’ for what the index 
ftood at. A magnifying glafs, or double convex lens of a fhort focus, 
will afift the obferver in diftinguifhing that divifion on the Vernier which 
cojncides with, or ftands againft a divifion on the arch, 


WI. Of the Speeulum. 


The fpeculum is a flat piece of glafs, quickfilvered on one fide like a 
common looking-glafs, and fixed to the index by means of a bra{s frame, 
directly over the center of it; its furface coinciding nearly with the firft - 
divifion of the Vernier, and exactly perpendicular to, the plane of the in- 
ftrument. The pofition of its furface muft therefore alter as the index 
turns On its center, 

The ufe of the fpeculum is to receive the rays from the object obferved, 
and reflest them-on the horizon glafles, 

\V, Qf . 
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IV. Of the Horizan Glaffs. 


_-Thefe are {mall pieces of looking-glafs placed’ on one of the radii, the 
face of one of them being parallel, and that of the other perpendicular 
to the fpeculum when the index ftands at 03 they receive the refleGed 
De of obferved objects from the fpeculum, and tranfmit them to the eye 
the obferver. . | | | 
The glafs F has only its lower part quickfilvered, and fetin brafs works 
the upper part being left tranfparent, that the horizon may be feen through 


at. 
{n the middle of the glafs G is a tranfparent flip, through which the © 
horizon is to be feen. 
- Both of thefe glaffes are fo mounted, as to have their pofitions fet truly 
by their adjufters at the back, fhould the frame of the inftrument be 


e 


~ 


: V. Of the Skreens. 


Thefe are two pieces of coloured glafs fet in frames, to prevent the 
Sun’s rays from hurting the eye during the time of obfervation. 'When 
they are ufed with the glafs Fr, they are to be where the figure fhews 
them; but when ufed with the zlafs G, they are to be fet at their hole 


above Gc. 


VI. OF the Sight Vanes. 


That at # is ufed with the glafs c in back obfervations : and the fight 
vane 3, which has two holes, is ufed with the glafs F in fore obier- 
vations. 

For.with this inftrument an obfervation may be made with the face 
turned from the object, which is called a back obfervation; or with the 
face turned toward the obje&t, which is called a fore obfervation: but 


_ before any obfervation is attempted, the inftrument fhould be examined 


to fee if it is fit for ufe. 
To reciify or adjuft Hadley’s Quadrant, 


42. | I. For the fore Obfervation. 


Bring the index p clofe to the button 4, that the middle of the Ver- 
nier’s {cale may ftand againft o degrees. Hold the plane of the inftru- 
ment vertical with the arch downward; look through the right-hand 
hole in the vane 1, and direct the fighe through'the tranfparent part of the 

lafs F to the horizon. Now if the horizon line, feen both in the quick- 
Rivers part, and through the tranfparent part, fhould coincide, or make 
one ftraight line, the gla(s F is truly adjufted. But if one of the horizon 
lines ftand above the other, flacken the fcrew in the middle of the lever, 
behind the glafs £, and turn the fcrew at the end of the lever back- 
ward or forward, as there is occafion, until the horizon lines co- 
incide; faften the {crew in the middle of the lever, and then the horizon 


lafs is adjufted. 
giafs is adjufts 43. UL 
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43. Il. For the back Obfervations 


Turn.the button 2 on one fide, find the dip of the horizon on your 
height above the water in the following table (Art. 55.) and fet the middle 
line of the index p as many. minutes before © degrees, as there are in twice 
that dip. Hold the plane of the inftrument vertically, with the arch 
downward ; Icok through the hole in the vane H, and if the horizon 
Jine, feen through the tranfparent flit in the glafs G, coincide with the 
image of the horizon feen in the quickfilvered part of the fame glafs, 
then the glafs G is in its proper pofition. If not, flacken the fcrew 
pin in the middle of the lever, behind the glafs c, and, looking through 
the vane wn as before, turn the fcrew at the end of the lever back- 
ward or forward, as it is wanted, until the horizon lines coincide; 


then tighten the middle fcrew, and the glafs G is adjufted. In fetting this | 


glafs by the oppofite horizon, the head fhould be held a little backward, 
not to intercept the light from behind. The horizon feen from be- 
hind will be inverted ; that is, the watcr will appear above, and the fky 
below: if the two horizon lines crofs one another, the inftrument is not 
held upright. 


»~ +» 0 take the Sun’s Altitude with Hadley’s Quadrant. 
Ad I. By the fore Obfcrvation. 


Fix the fkreens kK above the horizon glafs F, ufing either or both of 
them, according to the itrength of the Sun’s rays, by turning one or 
both of the frames of thefe glafles clofe againft the plane or face of the 
inftrument ; then the face being turned towards the Sun, hold the qua- 
drant by the braces L, mM, or by either radius, as is found moft conve- 
nient, fo as to be in a vertical pofition with the arch downward ; put 
the eye clofe to the left-hand hole in the vanes; look at the horizon 
tbneugh the tranfparent part of the horizon glafs Ff; at the fame time, 


move the index p with the left-hand, until the image of the Sun, feen in - 


the quickfilvered part, falls in with the line of the horizon, taking either 
the upper or under edge of the folar image. Swing your body gently 
from fide to ftde, and if that edge of the Sun which is obferved touch the 


horizon line like a tangent, without cutting it, the obfervation is well . 


made: and the degrees on the arch, reckoned from that end next your 
body, give the altitude of that edge of the Sun which was brought to the 
horizon. 7 

If the lower edge was obferved, then 16 minutes added to the faid de- 
grees, give the altitude of the Sun’s center; but if the upper edge was 
uled, the 16 minutes mutt be fubtracted. 


45. II. By the back Obferwation. 


Put the ftem of the 1 ai K into the hole next the horizon glafs a, 
ufing them as hefore faid, according to the ftrength of the Sun’s rays. 
Then the back being turnéd to the Sun, hold the inftrument by the 
radius C and brace 1, in a vertical pofition with the arch downward ; 
put the eye clofe to the hole in the vane H, Jook for.the horizon 

| through 
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through the tranfparent ‘flit in the glafs G; with the right-hand move 
the index p, until the image of the Sun, {cen in the quickfilvered part 
of the glafs c, ftands in the horizon linc, feen through the tran 
parent flit, ufing either the upper or under edge of the Sun, as is mott 
convenient. Swing your body gently to the right and left, to try if 
the Sun’s edse runs along the horizon; if it does, the obfervation is 
well made, and the degrees reckoned from that end of the arch fartheft 


from your body, will give the altitude of that part of the Sun which was 


o>ferved. 

If the Sun’s lower edge was obferved, then 16 minutes fubtracted from 
the faid degrees, will give the alticude of the Sun’s center; but if the up- 
per edze was obferved, then.16 minutes are to be added. 

In either of thefe obfervations, if the altitude of the center could be ob- 
ferved, there would then be no need of ufing the 16 minutes, 

46. The fore obfervation is rather moft convenient, efpecially in great 
altitudes, becaufe there is a much larger {cape above and below the alri- 
tude wanted, than there is in the back obf{ervation, which, on account 
of the obliquity of the fpeculuim and horizon glafs, is’ more contracted in 
vis ufe. And indeed the back obfervations need never be ufed for the 
Sun, when there is a clear horizon forward, or under the Sun: when 
this is hazy and ill defined, it is beft to ufe the back obfervation, if the 
horizon is clear that way ; itis proper, therefore, that the horizon glafs c 
{hould be always in readinefs, by having it well adjufted $ and becaufe 
the foriner method is not readily attaincd by beginners, we dhall annex 
another fomewhat more convenient, | 


47. * Ansther way to waa for the back Obfervation. > 


Take the altitude of the lower edge of the Sun by the fore obfervation, 
aS near to noon as can be; then put the fkreens into the hole near the 
vane H, and turning your back to the Sun, and holding the inftrument 
properly, taking care not to move the index, look for the horizon line 
through the tranfparent flit of the glafs Gj; and if the horizon line 
touches the upper edge of the Sun’s image in the glafs G, it is properly 
adjufted : if they do not touch, turn the glafs by the lever behind it, till 
. they do. ey 


This operation muft be done quickly, before the Sun fenfibly alters in - 


altitude; and may be frequently repeated to make the fore and back ob- 
fervations agree. 


To take the Altitude of a Star by Hadley’s Quadrant. . 


48. | I. By the fore Obfervations. 


Look dire&tly up at the flar through the vane I, and tranfparent part 
of the glafs H, the index p being clofe to the button 4; then will the 
image of the ftar, by redection, be {cen in the filvered part right againft 
the ttar, feen through the other part. Move the index forward, and as 
the image defcends, turn the quadrant round its center, keeping it all 
the time in a vertical pofition, and the image of the ftar on the filvered 

. part 


\ ; 


4 


ni 
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part of the horizon glafs, till it comes down to the horizon {een through 
the tran{parent part ; and the obfervation is made. 


49. If the altitude of the ftar is pretty great, fome other ftars, befide 
that wanted, may appear by reflection from the great fpeculum, on the 
horizon glafs Gc ; thefe will dance with the motion of the inftrument, but 
the true ftar will remain at reft about the middle of the glafs, and fo the 
others cannot be miftaken for it. ‘ 

For the principles of the conftruction fee the Appendix. 


50. Hadley’s Quadrants, within a few years paft, having been applied 
to take the obfervations neceflary for finding the Sea at fea, it has 
been found that fuch obfervations required a degree of accuracy, of which 


the inftruments conftru€ted in the common way were not capable: and 


expert mariners having complained of thefe defects, different workmen 
have applied fundry articles to the quadrants to remedy the inconveniencies 
complained of ; fome of which follow. 

1ft. A fcrew to the lower end of the index, to regulate its motion 
when brought by the hand to a divifion fhewing nearly the contact re- 
quired ; and a magnifying glafs to read off the divifions fhewn on the 
limb by the Vernier. 

ad. A {mall tube, or telefcope, inftead of the fight vanes, to direct the 
line of fight parallel to the plane of the quadrant; which tube is ta be 
écrewed into a ring fixed to a {quare ftem that flides in the focket made 
for the fight-vane, and by the help of a {crew at the back of the quadrant 
this ftem may be raifed or lowered, fo as to move the axis of the tele- 
{cope to point to any part of the horizon glafs which is judged fitteft for 
the obfeivaiion. 

3d. The arch has alfo been extended from an o€lant to a fextant, or 
the fixth part of acircle; by which means angles exceeding go degrees 
may be obferved ; and fuch angles are often wanted in taking the ‘angular 
diftance between the Moon and Sun, or Moonand Star. Alfo, for the 
convenience of holding the inftrumenteafily in fuch obfervations, a ftout 
handle is fixed to the back, which is a very neceflary addition. 

ath, The fpeculum being liable, in the ordinary way of fitting it, to be 
bent s and confequently the fame obfervation would have different mea- 
fures, a¢cording as the object happened to be reflected from different parts 
of the fpeculum ; this has been lately reCtified by a new manner of fetting 

- the fpeculum in its frame. 

sth. A new method of adjufting the glaffes for the back obfervation 
has Jately been difcovered, very accurate in principle, and ready in prac- 
tice, by the ingenious Mr. Peter Dollond, Optician to his Mayjefty ; 
who alfo thought of the method of preventing the index fpeculum from 
being bent in its frame. By his adjuftments, angles of any magnitude 
under 180 degrees may be taken; viz. by the fore obfervatron all under 
120°, with a fextant; and by the back bier vation: all between go and 
1890 degrees, : 

6th. Although Mr. Hadley at firft directed that the line of fight 
fhould be parallel to the plane of the inftrument; and for placing and 
preferving it fo, propofed, that two parallel wires fhould be fixed in 
the tclefcope parallel to the plane of the quadrant, and that the en 

ta 
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tat of the objects fhould be obferved in the middle between the two 
wires ; yet thefe circumitances not being fufficiently attended to, the two 
parallel wires had been negleéed in fabricating the inftrument ; thefe two 
parallel wires are now replaced. in the focus of the eye-glafs, fo as to di- 


‘vide the diameter of the field of view into three equal parts ; and when 


the telefcope is adjufted parallel to the plane of the inftrument, it will re- 
main fo during the obfervation. 

ath. As every glafs mirror has two reflections, viz. one from the face, 
and one from the filvered back furface, thefe double reflections caufe not 
only fome confufions among the reflected rays, but confiderable errors 
in the obfervations, if the face and back of the glafs be not parallel 
planes: and as none of thefe can happen from a plane mirror which has 
but one reflection, the upper part of the index fpeculum is now made 
with its back rough grownd and blacked ; by this means the rays onl 
which fall on its face will be refle€ted; and thefe are found fufficient 
when the object obferved is sacen | bright ; but when it is otherwife, 
the obje& may be obferved from the lower part of the fpeculum, which is - 
filvered ; the fine limiting thefe two parts is parallel to the plane of the 
quadrant. ‘Thefe two improvements were directed by the Rev. Dr. Ma/- 
kelyne, Aftronomer Royal. 

The methods, by which thefe feveral adjuftments are to be made, to- 
gether with fome other particulars relating to the ufe of the inftrument, 
are fully treated of in the book which accompanies the fale of Mr. Do/- 
lend’s quadrants. 


51. Io make an Artificial Horizon, 


One great inconvenience that mariners have to ftruggle with at fea, is 
the frequent want of an horizon. For though the atmofphere may be 
clear enough to give a view of the Sun or other objects, at the height of 
10 or 12 degrees and upwards, yet all below that height is often fo hazy 
as to hinder a diftinét fight of the horizon ; and confequently an obferva- 


_tion made at fuch a time cannot have the defired correétnefs. And al- 


though water in a veffel will have its furface horizontal, and an obferva- 
vation may be made on the image of the Sun, feen in it when that water 
is perfectly ftill, yet the tremulous motion of its furface, from the leaft 
wind or motion of the fhip, prevents this expedient from being generally 
ufed at fea; and therefore many methods have been propofed ; among 
which rie bd whirling Speculum, or Top, was, for a while, thought a 
proper inftrument, but it has been tound imperfeét. Some artifts ufe the 
following method : 

Into a wooden, or iron, circular box, of about 2! or 3 inches diameter, 
and about ¢ inch deep, pour about a pound or more of quickfilver ; and on 
this lay a metal fpeculum, or piece of plain glafs, the diameter of which 
is about 5 of an inch lefs than that of the box ; this will float in the quick- 
filver, and fhew the image of the Sun very fteady. This apparatus, being 
flung in jimbals will preterve a tolerable good horizon. 

e {peculum, or giais, fhould be homogeneous, and have parallel 
fides. There are fume workmen, who can work the two planes of: a 
piece of glafs, fo chat they fhould be demonftratively parallel. 

9 : 


~~ 


Or 
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Or the fine furface of the quickfilver will do of itfelf, when the motion 
IS not great. 


In all obfervations made with thefe artificial horizons, a piece of co-_ 


loured glafs fhould be fixed before the fight vane, to preferve the eye ; and 
the fkrecns K may be taken off. 


Corrections of the apparent or obferved Altitude. 


In obfervations of the Sun, it is ufual to obferve his upper or lower 
edze ; to which his femidiameter being applied, gives the apparent place 
of the center. For this purpofe, among the tables, paze 255, is one fhew- 
ing the Sun’s femidiameter for every ten days throughout the year; as 
this is conftantly altering with his diftance from the Earth: but it is ge- 
nerally reckoned fufficiently accurate to allow 16 minutes for the Sun’s 
femidiameter. ss 

Every altitude obferved at fea muft be corrected: two correétions are 
common to the center of cvery object; and three to the Moon. 


52. I. The Dip oF THE Horizon. 


The obferver’s eye being raifed above the level of the fea, he fees an 
horizon below the level of the true one ; .-and confequently the inflrument 
gives an altitude too great, when a fore obfervation is ufed; and too 
{mall, with a back obfervatign, unlefs the latter of the two methods for 
adjufting the back horizon glafs be ufed. 

As this error depends on tne height of the eye above the water, and 
that on the fize of the fhip; a table of thefe corrections to different ele- 
vations has been computed and inferted for ready ufe.. The principles 
upon which thefe computations depend are given in. the Appendix to this 
I xth Book. . 


53 Il, Tue ReFracrion. 


The vapours in the atmofphere caufe celeftial objects to appear higher, 
or with greater altitudes, than they really have. ‘Thefe refractions, which 
are greateft at the horizon, and diminifh in quantity as the altitudes in- 
creafe, have been collected by eminent aftronomers, and are here dif- 
pofed of in the following table; the apparent altitude, above the true hori« 
zon, is to be diminifhed by the quantity of the refraction on that altitude. 

For the principles, fee the Appendix. 


She Hil, PARALLAX. 


From the explanation of parallax, at Art. 66. B. V. it is evident, that 
the Moon, when feen at the fame time from the furface and center of 
the Earth, will not appear in the fame place in the Meavens; and this 
arifes from the fenndiameter of the earth bearing a fenfible proportion 
to the diftance between the Earth and Moon, which on a mean is about 
So» 4 quantity that confiderably affects the obfervations on that planet ; 
and therefore muft be allowed for. But the diftance of the Moon from 
the Earth conftantly altering, between the Apogee and Perigee, the 
parallax alfo will be continually altering. The Moon’s horizontal paral- 
lax, which lies between the limits of 53 minutes and 62 min, is given 
in the Nautical Almanac for every twelve hours throughout the ay ; 

whic, 
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which being known, her parallax to every two degrees of altitude, and 
every minute of horizontal parallax, may be found in the following table : 


55. Tapes for correcting the obferved ALTITUDES of CELESTIAL 
4 — , Osjecrs. 


The femi-diam. of Dip. of 
Horizon. 


Day |Sun’s } Day | 
of femi- of 
month.| diain. month fiEeve, 


fan. 1116 
10:16, 
20116 

Feb. 1116 


Refraétions of the Sun, Moon, and Stars, in 


24124(24 


Altitude. 


Augmentation 
ofthe p's J 


femi-diam. 
ce | ; \|Movn" 


o 61 


——_ 


62} Alt. 


26/27 23 2 
24/2 5125 26 26:27 27 
24. 2h 2 


0}20 20,2 1)2; 
18118 18, 19]79 
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SECTION VIIf. 


Of Comparing and Gorrefting Time. 


57° PROBLEM I. 


Given the eftimated account of the fhip’s longitude from London; to find 
the corre/ponding times at the fhip, and at London. 


RULES. 3 
Let the given time be always reckoned from the preceding noon; and 
turn the degrees in the difference of longitude into time. (V. 133) 


I. Then eat diff. long. in time, fubtracted from the fhip’s time, gives 
Lond. time, P. M. from the noon ufed. 

And eaft diff. longitude in time, added to London time, gives the thip’s 
time, P. M. from the noon ufed. 

Note, If it be neceflary to borrow 245, the London time will be on 
the day preceding the given one. 

Or, if the Sun exceed 24", the excefs above 24° is the thip’s time on 
the following day. 


II. Weft diff. longitude in time, added to the thip’s time, gives Lond. 
time, for the noon ufed. 

Or, The excefs above 24, is Lond. time on the following day. 

And weft. diff. long. in time, fubtraéted from Lond. timé, gives the 
fhip’s time from the noon ufed; or on the preceding day, if 24" were. 


EXAMPLES. 


I. What London time anfwers toy Tl. When it is 8 o'clock in the morn- 
a fhip’s noon, at a place 4 hours to the\ing at London, what is the corre/pond- 


caftward of London ? ing time at a foip ab. to the eaftward? * 
Here fhip’s time is 244 from pre-| Here 8 o’clock morning, is 204 
ceding noon. P. M. from noon of preceding day. 
Then 24"—4'=205 P, M. Lon-| Then 20» P. M. + 4h=245 P. M. 
don time, on the day before. fhip’s time. 
Or, Ship’s noon anfwers to 8| Or, 8 o’clock in the morning at 
o’clock morning at London. London anfwers to noon in the fhip. 


IN, What London time is it, when| IV. When it is 54. P.M. at Lone 


it is noon at a fhip Sb. to the weft ofiden, what hour is it at a foip $b. W. 


London ? © lof London ? 
o§ P.M. + 5° Wists P, M. at} 5" P. M.—s" W.=0" P. M. or 
London. a noon in the thip. 


V. Whats 
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V. What London tine anfwers to| VI. When iti 1s 1h. 10m. P. M. at 
2h. 8m. P.M at a flip 22 deg. to| Lonaon, what time ts it at a fhip 22° £. 
the call of London ? of London ? 


22° E. mikes 15 28", (V. 133)! 22° E. makes 15 28m, (V. 133) 
Then 25 38m P.NI.—15 28" E.{ Then 18 rom P.M. 4+ 15 28” red = 
= 1" ro™ P.M. at London. 25 38m P, M. at the thip. 


VIL. What time is it at London.| VIN. When it is 7h. P.M. at Lon- 
whea {hip 10° WV. of London reckons'don, what fhip’s time ig it 40° WM. of 
it 3b. 20m. P.M. London ? 


40° W.=2 gon We (V. 133) 40° W.=24 gon W. (V. 133) 
Then 3° 20m P, M. 425 40" W.| ‘Then 7* P. M.—2" 40" W.= = 
=75 om P.M. London, 30" P.M. fhip. 










IX. What Condon time anfwers to| X. When it is oh. 26m. morning at 
5h. 26m. P.M. at a hip 120° £, o oe what foip’ s time ts it at 120° 
London ? Ei’. of London ? 

120° E, makes 88 E, = (V.. 1333] 120° E. makes 8° E. (V. 133) 

Then 29* 26" P.M.—85 &.=215| Then 21° 26" P.M. +8° E=29 
26™ P.M. the preceding day. 26™ P, M. or 5" 26" on the follow- 

Or, g' 26" in the morn. at Lond. [ing day. 


XI]. What is it at a foip 110° W. 
of Londen, when it is tb. 2m. in the 
morning at London ? 


110° W.=7" 207 W. (V. 133); 110° W. ag 20m W. CV. 133) 
Then 5° 42 P, M.+7" 208 W.!) Then 13° 2™ P.M.—7° 20m W. . 
=13h 2™ P.M. Or 15 2™ in the}=5" 42™ P.M. thip. 
morning at London. 


XI. What Lonlon time anfwers to 
5h. 4am. P.M. ina foip 10° W, 
of London ? 


XII. A foip 28° 30’ E. of London} XIV. When it is 5h. 48m. morn- © 
reckons 7° 42™ in Vs morning ¢ what\ing at London, what hour ts it at a@ 
hour ss it at London? . foip 28° 30’ E. of London ? 

28° go! Emit 54% E. 28° 30 E.= 1% 5 4m 

-Vhen 195 ,2™ P/M. —1> 547 E. “Vhen 17" 482 p Mo 54™ E, 
=17" 48a P.M =19° 427 P. M. 
Or, 48" after § in the morning. Or, 7° 42™ in the marin: 


XVI. When it wants 51m. of noon 
at London, what hour is it at a fhip 60 
W. of London ? 

66° W.=:h 24m W, 

~ Then ae g™ P.] M4 24” W. 
= 187 457 P. M. 

Or, + Pine at the fhip is 6° 453 © 
morning. 


XV. What Parts time anfcvers ts 
6h. 45m. in the morning, at a fhip 66° 
W. or London ? 

66° W.= 4" 247 W. 

Then 185 457 P.M.4+45249W, 
=23° 9° 7. M. 

Or, 115 g™ in the morning at 
London. 


Vor. IL - xX — XVIL Wen 
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ee Wren itis 4h. 260. morn- XVIII. What hour is it at a fap 
at a fhip 98° 45’ E. of Langon:,98 45° Ey of London, when it is oh. 


a hour isitiherc? sim. P. AL. at Londsn ? 

98° 45° E.=6" 25" FE. | 92° 45) E. =f 8 a5" E. 

Then 165 262 P.M —6" 25")! Then gh 517 P.At, + 64 am E. 
=g* 517 P.M. at London. POM NI 


| Or, 4° 25" morning at the fhip. 
XIX. What London time anf ers xX, When it rey g”. 20m. P.M. 


to ick. 40m. morning, ata fi:p 190° at London, what hour is it at ajhip 


Wh’. of London ? 160° 12, of Largian ? 


160° W.=10h acm W. O° Wi=to® som W, 

‘Then 22" 4c "PLM. $19 bof ‘Then 338 20 Ap. M.—1o® 4m 
Ws 33h 207 P.M. org? 20" PLM SV. 22” go™ fhipy or, rot -4o™ 
at London, on the fullowing diay. morning at the fhip, on the preced- 

haz day. 





Thefe twenty examples h. Ive heen introduced, becaule experience | hath 
fhewn that a varicty is necetiary to moit beginners 


58. PROBLEM It, 


Ta ford the arparent time et f: ly 22 d tierchy to regucate, or le ae the 
ge1ns v ‘of a watch. 


I, By equal Alittudes. (V. 215, 297.) 


The hhip lying by, let the Sun’s altitude be taken at any time in the 
forenoon, 3, 4, or § hours d.ftant trom noon, fet down that time and al- 
titude. In the afternoon, wait until the Sun has the fame altituce ex- 
actly (the index of the quadrant being alrcady fet to the morning alti- 
tude) and note down that tye ; then the half fun of thefe two times is 
the apparent time fhewn by tie clock or watch, when the Sun was on 
the myenidian of that place. 

fit were wanted to reduce the apparent time to mean time, 

Seeks in the Nautical Alimanack * tor the given day, and take out the 
equation of time 3 which appiied, as its title directs, to the apparent time, 
gives the mean time. Aflronomical tables are ufually fitted to mean 
tine. 

As it is pofible that an altitude taken in the morning cannot hate a 
correfponding one in the evening by the interpofition of clouds ; it is 
beft to take feveral in the forenoon; in order to have a greater proba- 
bility of fecuring a correfponding altitude in the afternoon; and if {e- 
veral obfervations of equal altitudes can be naade on both fides of the me- 
ridian, it will be beft to find the noon to each pair, and take a mean of 
all the noons thus found for the true one, 





* The Nautical Almanack is publified annually, under the direGticn of the 
Commiffioners of Longitude, Which Aimanack every fxiltul mariner fhould 
have with a at Sea. 


' If 


+s 


™m 
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If equal altitndes are taken within fix weeks or two months of an 
equinox, it w'll be proper to make an allowance for the change ia the 
Sun’s declination between the forenoon and afternoon obfervations, as is 
fhewn in Book V. Articles 217, 297. 

If there is reafon to fufpect, chat the watch gains or lofes confiderably 
in a day, other fets of obfervations fhould be taken on fucceffive days, by 


which the daily variation of the watch may be found, and allowed for. 


Exam. I. May 20th, 1772, at! Exam. II. March 18, 1772, be- 
8h gom forencon, and at 4 16™\ing in latitude 49° N. at 8% 1c™ 55° 
afternoon, by my watch, the Sun had| forenoon, and at 3° 58™ 34° after- 
equal altitules: required the going of\ncon, the Sun had equal altitudes : 











the watch ? how did the watch go? 
Add together 12h 9” Add together "yah om 8 
i + 8 4o + 8 10 53 
+ 3 16 + 3 58 34 
Take the half fam 23 56 Take half the fum 24 9.32 
Rem. noon by the watch =11 §8 Gives the middle time ‘12 4 46 
Apparent neon =12 0  {Corr. on mid, timé 19 
Watch too flow 2 min.{Noon by watch 12 4 27 
——— Apparent noon 12 0 O 
; | Watch too faft 4 27 
May 2oth. ap. noon 11 58 | ~~ 
Eqifal ume fubtr. 4 March 18th ap. noon 12 4 27 
, _——. Equa. time add 8 4 
Mean noon, by waten Il $4 Ss 
: _——— Mean noon, by watch 12 12 31 


EE OPE) 


If. By an sbfervation of the Sun's altitude. 


sft. At a convenienwtime take the altitude of the Sun’s upper or Jower 
Jimb, which correct for the femidiameter, dip, and refraction} by whicia 
the correct zen. dift. of the Sun’s center will be known. 
2d. At the time of the obfervation find the Ship’s lat. and long. by 
account; (VI!J. 60) and correct the Sun’s decl. for the day, by the ditt. 
of long. and time from noon ; and thereby get the true polar diftance. 
3d. With the co-latit. polar-dift. and zen. dift. find the saa angle ; 
(V. 152.) 
Which turned into time, fhews the app. time when the obfer. was made. 
Ill. By an obfervation of a Star's altitudes | 
ift. Correct the obferved altitude by the dip and refraction. (55-) 
2d. Find the fhip’s latitude and longitude by account. (VIII. 60.) 
gd. Seek the Star’s decl. or polar dif and its right afcenfion, (V.312.) 
4th. With the co-lat. polar dift. and zen. dift. find the hour arg'.. 
| (V. 155.) 


x2 — sth. Appiy 











- 
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sth. Apply the hour angle (in time) to the ftar’s right afcenfion, and 
It-pives the right a.cenfion of the mid-heaven. - (V. 133.) 

6th. Find the Sun’s right atcenfion to the place and time.  (V. 288.) 

ath. The difference between the Sun’s rizht afceniion and that of the 
mid-heaven is the apparent time of the obfervaiion. Rezulate the watch: 
bythe appurent time thus found. 


The logarithmic work for the Sun in Art. 2d, or for the ftar in Art. 


3c, may be performed by either of the following rules. 


Ru el. Let the diff. between the co-lat. and polar diff. be called p. 
Find the half fum, and half diff. of the zen. dift. and pb. 
Then, To'the ar. co. of the log. fines of the co-lat. and polar dift. 
| Add the log. fines of the faid haiffum and haif diff, 
And Half the {um of thefe four logs. is the log. fine of 2 the 
hour angle. ; 
Rue Il Add together the co-alt. co-Jat. and polar dift. call the half 
fum A. 
Let the diff. between the half fum a and co-alt. be called p. 
Then, To ar.co. of the los. fines of the co-lat. and polar dift. 
Add the log. fines of A and D. 
And Half the fun of thefe 4 logs. is the log. co-fine of 2 the 
hour ang'e, 


EXAMPLES. 


I. fanuary 26, 1780, at 2°56") IT. May 24th, 1780, being in lat. 
56° P. AL by my watch, the true alt. 43 16’ N. long. 23° 30' E. at 7® wi 


of the fun’s center was g' 4.4/, the fhip’s| forenson, the true alt. of the Sun’s cen- 


lat. 51° 42’ N. long. 33° WV’. Requir-|ier was found to be 29° 4/: hew was 


ed the error of tac watch ? the watch ? 
Time by watch 2h 6’ 56” | Timeatthe fhip (May 23.19" 16’ 30” - 
33° W. ==(V. 133-) 2 12 00 | Long.23°30 E.(V.133)=1 34 C0 


E‘tim.time at Grenw.(57) 5 8 56 | E flim. ume at Greenw, 17 42 30 
Sun’s dec. Jan. 26th noon 18° 43’ 24” |Sun’sdec. Mav 23d. noon 20% 45 22N, 
Decr.ofdecl.in 549/(V.281) 3.13 {Incr of doch in 17> 42 4+ 8 8 


En 





Sun’s decl, at fhip 18 40 145.) Sun’sdecl. at flip 20 63 30 N. 
Add _99_0p 09 |Sun’s polar difance Gg 6 30° 
Polar diftance 108 40 It | Co. a't.60°5 6! eae a aes 


Co-'ar, 38° 18%ar. €o. log. line 0,20770) Co. lat.46 44 ar. co. log. fine o,t 3777 
Po.diit, re3 40 ar. Co, log. fine 0.02347; Po.di’.69 6 ar. co. log. fine 0,02956 
Co, alt. 0 16 guna 
° . iS yt 

2)150 33(75°19'log. fine 9,98558 ee ‘ pee pee 

2)9 54 (4 57 log. fine 8.93594/ Diff. 27 27 log. fine 9.65368 

2) 19415275 -_ 2)19-83034 

22 9 log. fine 9,57638 34 363 log. co. fine 9,91542 

Z 69 13 =4" 36’ 52” before noon. 
19 23 8 app. time. 

19 16 30 timebywatch. 

6 38watch tooflow. 

May 











44 13-22" 697/12” app. time. 
2 56 56 watch time. 
o o 16watch flow. 


* aa ce 


| 








———— = 


— ee ee ee 
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Muy 1ath, 1780, at fea, in latitule 29° wt’ N, lang. 95° 5’ WW. the true 
altitude of the flar Antaves was found to be 14° 53" at gh 1/ 5” by a watch : 
What was the error of that watch? : 


7 Rt. afcen. Antares 168 15% 59% 
Long.95° 5’W.=(V.133.) 68 20° 20”. R. afcen. Sun at noon - 3 19 29- 
Antares fouth nearly 12 56 28 ‘3 12 56 28 
Sum (long. being W.) 19 16 48 gives iner, rt. afc. fubt. 3°10 





=m ane 


Antares on the meridianat 12 53 18 





- 


Antares Zen. ditt. 75° 97’ 











Polar dift. 115 56 Ar. co. log. fin. 0,04609 
Co. latit. 60 49 Ar. co, log. fin, 005895 
Sum 251 §2 
Half fum 125 56 log. fine 9,90832 
Zeuith.ditt. 75 7 all 
Difference 50 49 log. fine 9,88937 
2)19:90273 - 
26 37 log. co. fine 995136 
2 ry 


53 142=(V.133-) 3% 32° 56” ftar fhort of meridian. 
12 §3 18 ftar on the meridian, 


g 20 18 app. time. 
9 1 § ‘time by watch, 


19 17. watch too flow. 


SECTION IX. 
59. To find the Latitude at Sea. 


Find the meridian altitude or zenith diftance of the Sun or Star by 
Article 37, or 44, or 45, 0r 48, 49. . a 

Apply the corrections for the dip of the horizon, the refraction in 
Art. §2, 53) 55, and femi-diameter, if the object be the fun. 

Seek the Sun's or Star’s declination in the tables a Art. 309, 312, 
Book V.; or in the Nautical Almanack, obferving to correct the Sun’s 
decl. for places more than 8° or 10° to the E. or W. of London, as at 
Art. 311, Book V. | 

In latitudes near the poles, when the Sun’s declination exceeds the co- 
latitude, the Sun does not then fet; and therefore two altitudes may be 
taken on the meridian ; the leaft of which is called the altitude below the 
pole. The fame may be underftood of any other celeftial object, which 


goes not fet, 
X 3 Let 
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Let the dectination and the altitude, or zenith diftance, be always 
named cither north or fouth, according to the feaion of the year, and the 
fituation of the obj:ct; and ‘when it fo. happens that cither of them is no- 
thing, it: may then be named either north or fouth at pleafure. 


~~ 
Thefe remarks being premifed, all the varitits of working a meridian 
obfervation for the latitude are contained 1 in the folution of the following 
Problem: 


PROBLEM 1. 


The declination of the Sun or a Star, and alfo its correé? meridian alti- 
tude, or zenith di iflance being dnown | 3 to saa the latitude of the place of ob- 


C1 CatiIMNe 
WHEN THE OBJECT RISES AND SETS. 


66. . CaAsE I. If the zen. dift. and dect. have the fame aie: 


Ruve. Their difference fhews the :.titude required. 
Like the declination, when it is greater than the zeniun diftance ; but 
unlike, when it 1s lefs. 


61. Case ll. Jf the zen. diff. and decl. have contrary naimes. 


Rue. Their fum fhews the latitude required. 
And is always like the declination. 
When altitudes are given, take them from oo° for zenith diflances, 


62. WHEN THE OpjicT bOES NOT SET. 


Tf the greatcft mer idian altitude or ren:th diflance can be taken, the pre- 
ceding rules will ferve 5 but when ihe leaft, or that uclw the pole can crry 
be tuken: then 


Rue. To the meridian altitude below the pole, add the co-declinae 
tion, the fum fhews the latitude, of the fame name wich the declination. 


The demonftrations of thefe rules will be fhewn in the Appendix. 


Fwam. ], Lhe Sun’s meridicuall Exam ll. When the Sun entered 
zenith dijlance was clyerved to be 4eetihe fen Litra, his meri-tan ait ee 
20! foutherly, when he entered the fign|was obferved ta be §3° 32/0 the “Ore : 
Aries: Required toe lat. of the place?| What is the latitude of that place? 


The zenith dftanee 48@ 2c’ S. The co-alt. or zen. dift. 36° 28’N. 





Declination co co 8S. Declinaticn . co co S. 
Lat. fought 48 20. (Go) Lat. fought 36 28 S. (61) 





~ 


EXAM. 
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Exam. IIL, At fea the Sun was} Exam. IV. The Sun’s merid. <2- 


ebferved inthe zenith, when bis declt-\nith diflance was objerved 21° 28! S, 
nation was 22°1Y Ni: Woat is the\when his decl..was toe fame: Riyuired 





Latitude of that place ? the latitude of the place of chfervat:zn. 
The zenith difince co® ad’ N. The zenich ditance 21°°8 S. 
Declination z2 10 N. Declination 21 03 S$, 
Lat. fought 22 10 N.(60) Lat. feuyhe 09 09 3.(60) 





- 


: if ‘ oye 
Exam. Vi. The Sun was obfervcad, Exam. VIL The Sun's meridiag 
to be 47° 25! difiant frim the zenith jaltitude was ebferved to be §4° 27! 
in the fauth, when his declination was |aorth, when bis declination was 19° §7° , 


14° 187 Si: Wisat is the lat. of the\uorth: Required the latitude of the 





place of obfervation ? place. 
, The zenith diftance 47° 25'S. The co-alt. or zen. dilt. 35° 33’ N. 
Declination 14 13 S. Declination 19.57 N. 
Lat. fought 33 07 IN.(69) Lat. fought 15 36 S. (69) 


EE GERD 4a Ga eg ee eee epee 


Exam. VIE. When the Sun's de-| Exam. VIL The Sun having 23° 
clinxation was 23° 09’ 8. his meridian|i1! N. dectinatein, bis meridian alti- 
zenith diftance was ahferved ta be 8° tel: was found ta be 79° 23/ N.: 
25’ S.: Required the latitude of the\[F nat 1s the latitude of the piace of 


place. shfervatian 2 
The zenith ditance 6° 25/S. She co-alt. or zen, dift. 10° 37 N, 
Declination 23 cg 8. Dechnatoa 23 11 N. 
Lar. fought 15 44 S.(60) Lat. foughe 12 34 N. (60) 


Gnmae eee oem ore \ ree aT Ge Cae 


Fxam. TX. The Sun’s meridian) Fxam. X. Supacfe the meridian 
zenith arlance was ohf. reed to be 32° altitude cf toe Sun was obferved to be 
57. S. whin his dectuation was 10° 48° 140 NM when bis decl was 17° 


38’ No: What is the latitude of tic, 38" S.: Required the latitude of the 








place ? | piace. 
The zenith diflance 32°57'S. | | The co-alt. or zen. dif. 41° 46’ N. 
Declinauon 10 38N. Dechwation 17 38 S. 
Lat. fought 43 35.N. (61) Lat. fought 59 24 S. (64) 


A 


Exam. XI. Obferved the mert- Exam. XII. The altitude of the 
dian altitude of the flar Aréturus to|StarSyrius, when on the meridian,was 
be 61° 14/ S.: Required the latitude.\24° 32! S.: Required the latitude. 


Mer. zen. dift. 28° 46'S. Mer. zen. dift. 65° 28'S. 
Ar. declin, - 20 26N.(V.312)] Syrius’s declin. 16 25 S.(V.312) 


PEE Slows Snes te a= GES 


Lat. fought 49 12N. Lat. required 49 03 N. | 
X 4 = 63. Examples 
uh Malet Mew) in TS eee See, — cae 7 = ne 





RB == 
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63. Examples, wherein the foregoing Corrections are 
introduced. 


I. By a fore cbfervatier, the atie| IY. By a back ohjervation, with 
tude of the Sun’s lower eds: was found, Haiey’s quad ant, the aprarent Gitt 
by a Hadley’s quadrant, tole 49 20'S. ‘tude of the Sun's dower edve tas 25° 
when the declination was 9° 56’ N.j°2 S. uhen the declinatian wes 21° 
the eye being 20 feet absve the berizon 2 14! 8. and the eve 30 feel avove the 
Required the latituae of that place. | horizon: In what latitude was that 

; obfervation miuue? 


Apparent alt. @ lower edge 40 20'S. | Apparent alt. © lower edge 25° 12'S. 
Semidiameter. Add o 16 Semidiameter. Subtract o 16 


> 





Apparent altitude © center 40 35 Apparent attitude @ center 24 56 
Dip. of ihe heriz. Subtra&t =0 4 =| Dipotthehorzon. Add oo 5. 


App. alt. cor. by the dip. 49 32 ae alt. cor. by the dip 25 Ol 





Refraction. Subtraét o 1 Refraction. Subtracé& Oo 2 
True altitude © center ir True altizude © center 24 59 
True zenith diftance age Trae zenith diftance ee a S. 
Declination . 9 50 N., Declination 21 145, 
Latitude (61) | 59 ze N. Latitude (60) ce N. 


y = Gas als > Ge quae 


IIT. Suppofe an objcruer, whofe eye| IV. In a foip where the eye of the 
15 35 feet above the water, fhouid find\cljerver ts 25 feet above the horizon, 
the meridian altitude of Sirius to be\fupscfe the meridian altitude of A étue 
53. 35’ S. by the fore clfervatin with rus fosuld Le found 61° 24/8. by @ hack 
a Hadley’s quadrant: Required the\ objervation with Hadley’s quadrant: 
latitude of the place of obfervation. |\IWhat latitude was that fhip in ? 


Apparent alt. of Sirius 53°35’ 0° S.! Appar. alt. of Arcturus 61°21’ 0” S, 





Dip. of the horiz. Subr. 5 40 —— 
—_—_—— Apparent zenith dift. 28 39 «Oo 
Appar. alt. above hor. §3 29 40 Dip of the horiz. Add 4 46 





Retraction, Subtract ~% 0 40 
———— (Zen. ditt. clear of the dip 28 43 46 
True altitude of Sirius 53 29 oc Refraction. Add oa 0o 30 
True zenith diftance 36 31 90S. | True zenith diftance 28 44 16S. 
Sirtus’s decl. (V. 312) 16 25 08 S. ; Ardturus’s decl, (V.312) 20 29 15 N. 


om GE Ce eae 





Latitude (60) -. 20 § 52 N.-\Latitude (61) 49 12 31N, 
v | V. May 
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V. Afay 26, 1780, in dengitud:| VI. Fune 12th, 1780, ina high 
67° 30°E. of Linde i, and the eye 18 jnorthern latitude, 83°1V, of Lendon, 
fect high, the mertlein a.titucte of the avd the eye 20 feet high, the meridian 
Sun’s bower limt was 26° 12'N. by ayalritude of the Sun’s lower, limb below 
fore objervation: Koquired the firip’s:the pole, was 8° 15'N. by a fore ob- 























latitude. ee : Required the latitude. 
Ship’s time 24°00’ P.M. May 25.|Ship’s time 12b0™ P, M, 
Lon.67° 30 E.== 4 30 EB. Long.83°W.= -5 40 W. : 
Lond. time 19 30P.M.6" 3c X3.|Lond, time 17 40 P.M.==4h25’x¢4. 
May 25,@decl. 21% 19" N. ditt 10°18” —— . 
Incr, of decl. 812 (V. 285) | Junerz,odecl.z3 13 17 N. diff. 3 16. 
——— . Incr. of decl. 2 28 
Atthe fhip 21 14 3t N. deci. : 
App. alt. © lower limb = 26" 12’ Atthe fhip 23 15 45 N. declin. 
Semi-diameter + 16 App. alt. © lower limb 8° 15’ N. 
Semidiameter + 16 
App, alt. @ center 26 28 
Dip. on 18 feet — 4 App. alt. © center 8 31 
— (|Dip. on 20 feet 
7 26 24 Oo esac 
Refrafétion —_ 1 55 8 27 
————— [Refraction —_— 6 18 
Truc alt. © center 26 22 05 ae 
as — | True alt. © center 8 20 42 N. 
Zenith dik. 63 37 55 N.|© co-declination 66 44 15 N. 
Declination 21 14 31 erat n ne en 
— {Latitude 75 457N. 
Latitude 42 23 24S. ———— 


This method of finding the latitude from the meridian altitude of a 
celeftial objeét is the molt eafy, when it can be put in practice: but as 
that is not always the cafe at fea, the Problems in Se€tion VI. Book V. 
were introduced to fupply the defect; from whence it hac been judged 
proper to deauce fome of the following moft praCtical methods. | 


PREPARATION. 


‘ Take one, two, of more altitudes of the Sun in the forenoon, noting 
the time of each by a watch: if the meridian alt:tude cannot be cbtained, 
take one, two, or more altitudes in the afternoon, noting alfo the times 
by the watch. 

Let the morning altitudes, if there are three, be taken a¢ equal inter- 
vals of time, if poffible ; if not, let the afternoon obfervations be taken at 


the fame altitudes with the morning ones. 
64. PROBLEM Ii. 


When three zenith diftances between the limits of 30 and 70° are taken 
within an hour of noon, at equal intervals of time between § and 30 minntes. 


Case I. If the firft and third zenith diftances are equal : 
Rug. The middle one is the meridian zenith diftance. 


~ 


x | “EXAM-" 





266 DAYS WORKS. .. Book IX. 


ExampLe. On a day when the Sun’s declination was 18° 34/N. fome 
time near noon his zenith diflance was found to be 32° 29'S.; and 22 mi- 
nutes after, the zenith difiance was 32° 11’: and 22 minutes afterwards the 
zenith diffance was 32° 290’: Required the latitude of that place. 


Here are equal zenith diftances, at equal intervals of time from the’ 


middle obfervation 3 which therefore is a meridian obfervation. 


Then 32° 11/8.4+ 18° 34’N.= 50° 45/N. the latitude. (61) 


(65) Case II. If the two firft, or two laft, zenith diftances are cqual, 
that on the meridian falls between thofe equal ones. 


Ruce. From one of the equal zenith diftances, take one eighth part 
of the difference between it and the preater zenith diftance; and the re- 
mainder is that on the meridian. 


ExampLe. /Vithin an hour of noon, and at intervais of 22 minutes by a 
watch, the following zenith diftances were obferved, viz. 1ff. 32° 502%’; 
2d. 32° 152’ 5 3d. 32° 1534: Required the meridian zenith difiance. 


ft, ° €0,6/ . ae Seen 7? . 
se 32, 50 pailh. 35,1’ + itsp 4,8! s then 32° 15,5—4,8=32° 10,7. 


The meridian zenith diftance is 22° $1", 


(66) Case IIT. When the three zenith ‘diftances are all unequal : 


If the two firft are afcending, or two lait defcending, then noon falls in 
that interval whofe two zenith diftances are neareft to equality. 


Rue. Let the difference between the grcateft and middle be called a, 


the difference between the farft and latt be calicd nr. 
the difference between B and four times A he called cy 
the difference between B and c . be called p. 


Then c multiplied by itfclf, and the product divided by four times D, 
the quotient is a number of minutes, which fubtract from the greateit 
zenith diftance leaves the meridian zenith diftance. 


~ Exam. I. Jn north latitude, the Sun was thrice obferved near noon, when 
the zenith diftance and times hy a watch were as follow: 


if. At 11h. 27m. the zenith diflance = 32° 51’, 

2d. 11h. sim, the zenith diflance=32 14, 

3d. 12h, 15m. the zenith difiance=32% 1g. 
Required the meridian zenith diftance. 


Zenith diftance, ft. 32° 51’ : | 
ad. 32 14 | A=37 | 4A—B=148—32>116=0¢. 
3d. 32 19 [B=32] c—B=116—32= 84=0. 


116 X 116 : 
And ————— = 40’, the correction. 
’ 84 x 4 , 
Then 32° 51’—40'= 32° 11’, is the meridian zenith ciftance. 
Ex AM. 


ge oS resto alin” Ba 
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Exam. IT. fu aerth latstude, three obfervations were made of the Sun 
near nv3, at re ‘ai intervais of time, Viz, - 
Vi, AP 13d. am. toe zenith difiance was 34° 11’ 
11, 20m 35 Qs 
tik. Some | 32 29, 
Required the mertsian zentih diflance. 
Here A=-62;, BxtI02; C146; D=4}4. 
And - poe pa: 7212" 1’, the correction. : 
AVA | 


Then 347 11/—2° 1’= 32° 10%, is the meridian zenith diftance. 
Exam. WL In the torrid zcne, tre Sun having 19° 48'S. decl., three 
objervut.ons were tuken at equal intervals of time, ncar noon, viz. Py 


At 19h. SO. the zen. diff. was 36 418, 
* IY 22 34 26 b Required the latitude. 
Ir 48 33 16 
Here a= 2° 15/125’; Boz” 25/=205'; C= 3353 D=1303 , 


n= 216 = 2° 36’. 


. 


And c7=1422253. 4p=520. The 


And 35° 41 oO 36'= 30° 05%, the Pee zenith diftance.: 

‘Lhon 33° o5’—19° 48° =13' 17’ N. the latitude fought. (69.) 

Exam. LV. Ina low north latitude, the Sun having 14° 24'S. dechna- 
tions when the watch foewed 114, 42m. 12h. 20m., and 126. 58m., the 
Sun’s wenith diflances were 43° 19/, 43° 23', and 45° 19’, refpectively : 
Required the latitude. | 


Tih. 42m. zen. dift. 43° 10% bas 2° o'=120, 








12 20 43 23 A= 1 56 =116. anos 
12 58 45 19 344. 
a d= 224. / + 4D=896. 
2L, C 344 5,07 3t2|Greateft zenith diftance 45° 19/ 
L, 4D fubtr. 896 2,95231| lake the correction 2 12 
L, correction 132 2,12081|Meridian zenith diftance 48 75S. 
Declination 14 2458. 
: | Latitude (69) 28 43N. 


L PROBLEM IIL 
ben three zenith diftances, between the limits of 30° and 70° are taken 
within an hour and a half of noon, at unequal intervals of time. . 

Ruce aft. Let the difference in minutes between the greateft and 
middle zer:ith diftances be called a; and the interval of time called a: 


’ the difference between the firft and Jaft zenith diftances be called 3s: and 


the correfponding interval of time cailed 4, 
. ad. Let the difference between the products of a by 6 and B by a be 


taken. 
From the logarithm of this difference take the logarithm of 4, there 


remains a logarithm, wuich call Nn. 
3d. Add 


§ 
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gd. Add together the logarithm of N. : 
twice the log. of the diff. between a and 3d. 
Ar co. log. of the diff. between a and 3. 
Ar co. logarithm of a. 
Their fum gives a logarithm, which call m. 
ath. Seek the numbers to N, M, 3B; their fum gives &. 
From four times g£ take n, remains C; and B taken from c, leaves pb. 
And the logarithm of four tines D taxen from ewice the logarithm of c, 
gives the logarithm of the correction.in minutes. 
sth. Then the greateft zenith diftance Icflened by the correcticn, gives 
the meridian zenith distance. 
Exam. |. Three obfervations being made of the Suu, at a place in north 
latitude, viz. at 10h. 40m. the zenith diflance was 35° 53°, 
ir 9 was 330 442 
Il 51 was 32 14, 


Hew much was the Sun’s meridian zenith qflance 2 


: : . dift. 35° 53’ 
7 4om I ae sm ee Fe i sseteos) eee 
9 =29m. 33 445 A=120,5° | am 70=0,5 
Ir 51 b=71 32 14 bs=219 an b= 42, 


128,5 x71=(a Xb=)g123,5,219 X 29 =(B Xa=)6351;thediff. =2772,5 








Logaruhm = dith.=2772,5 3544257 5 B = 109.5 

Logarithm = 71 1,851260; N = 39,5 

Logarithm N== 90,5 -1,59161| M >= 13 

Twice log.ay24== 6,5 1,62583) 2 = 150,3 and 4e=6ol,2 

Ar. co. log.a b= 42 8,37675| B= 219 - 

Ar. co. log.@ = 29g 8.53760] C = 382,2 | 
Logarithm M== 1,3. 0.3179] D = 163,2and 4p==652,8. 
Twice log. Ca=382,2. 5.10458 Greatett zenith diflance 55° 53° 
Logarithm  4p== 052,8 | 2,81478/COrrection 223= 3 43 
Log. corretion == 223 25340980 Merid. zenith diltance 32 10° 


Exam. IL. To the northward of the tropic of Cancer, when the Sun’s de- 
¢lination was 14° 24'S. ; at the times 11h, 42m, 125. 26m, 12h. 58m, 
fhewn by a watch, the Sun’s zenith diflances were 43° 19, 43° 33's 45° 19) 
refpecitvely : Required the latitude, | 








11h. 42m. ft. zen. dift. 43° 12’) 
12. 26 b=76m. | 2d. 43 33 B==120 | am ib= 6 
12 58 a= 32 3d. 45 19 A=106}aw b=44, 
AXb=106X76=8056; BxXa=120 X 32=3840; diff. of prod. 4216. 
L 4216 3,02490|5B == 60 2 
Lo 76 1,°8081} N = 55,5 
il 5525 1574409) M == __ Id 
21,4 ib 6 1,55630f E = 116,9 and 4==467,6 
awe 44 8,35655 B = 120 
L’,a 3% 849485] © = 347.6 
LM 14 0,15179| 2 == 227,6, ard 4p=910,4 ; 
5.8 547.6 yokz16 ae zenith diftance 45° 19 
L,4D OA 2O0| ee 
x, correction 152,7. 2,12293| ict - zeniih diflance 43 OS. 
. 77 | Deciination 14 24S. 
Latitude . 23 42Ny 
a , ee aa oe enna a Sk ee 


oe Fei, ee Ta ceil 


a. a 


» 


| 
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68. PROBLEM lv. | 


: hen three altitudes aretaken at equal intervals of time, at any diftance 

frzm noon: See Book V. Artitle 202. 

Roca it. Seek the natural fines of the three given altitudes. (V. 185) 

Cai! the difference between the firft and third altitudes, Dp; between 
the fecond and third, F. 

Put £ for the fum of p and twice F, when the degrces in the third alti- 
tude fall between thofe of the firlt and fecond; otherwife put E for the 
difference between D and twice F. 

ad. Add tugether tne log. co-tang. of half one interval of time (in deg.) 

the log. of £, and the ar. co-log. of D (each in numbers) 

Their fum is the logarithmic tangent of an angle a; or of its fupplement, if 
the frit altitude exceeds the third: convert the angle a into time. (V. 133) 

To a acd one interval; then the difference between this fum and fix 
hours will fhew the time from noon, when the laft obfervation was made. 

Hence, by the intervals, the other times are known relative to the noon 
of the place of obfervation, 

3d. Add together the ar. co, log, co-fine of a. 

the ar. co. lug. iine of one interval obferved, 
and the log. of p, their {um is the log. of anumber s. 
4th. To the logarithm of B add twice the logarithmic fine of half the 
leaft time from noon; feek the number, and add it to the natural fine of 
the greateft altitude, the fum is the natural fine of the meridian altitude. 
sth. The number B leflened by the natural fine cf the meridian altitude, 
ives the natural fine of the midnight depreilion. 

Then the half fum, and the half difference, being taken, of the degrees 
and minutes anfwering to the fines of the meridian altitude and midnight 
depreffion, give the co-latitude and declination. V. 185) 

If the zenith falls between the equator and the Sun, the half fum is the 
co-declination, and the half difference ts the latitude. 

Exam. I. Between the tropics, the Sun’s altitude was oblerved fome time 
in the forencon, to be 73° 22’; after waiting 26 minute:, its altitude was 
78° 50°, and 26 minutes after, its altitude wes 82° §5': Required the lati- 
tude of that place. 
73° 22’, nat, fine ,95§816) (See Book V. note to art. 185.) . 

>) ,03421 = D |and,orm61 = zg; 
78 50 998107 Tope gn 

















901130 = F |[alfo26m. = 6° 30’ 

82 55 099237 | 
| 902260 =2F © | its half = 3 15 
Lf 3° 15" 11,24577| L's,\a 80° 30° 0,78239 
L,E == 0,05161 8,06483] Ls, 6 30 0,9461 
L‘,D = 0,03421 1,40584] L,D 0,03421 - 855341 

an LB 1,8310 10,26269 
L,t,A=—80° 30° = i(ts*t*é‘é«i C;4« 7G , 12m. | 
| ; . | 2L5, 1° 30 (=> ) 6,83584 
Or a= 5 hours 22 minutes. ee ae 
Now 5h. 22 m.+26m.=5h. 48 m. See 709853 


Then 6h.—5h. 48m=—oh. 12m. , 299737 ; 
So the greater alt was at 11h. 48m, | Mer. alt. .0,99362== ndt. fine 83° 32. 


a 


the middle at il 22 Mid. dep. 0,8374 == nat. fine 56 52 
the Icait atio 56 half fum == 70° 12’ the co-declinat. 
half diff, == 13 20 the latitude. | 
; Exam. 


tA 


270 DAYS WORKS. Book IX. 


Exam. IL. Jn the north temperate zane, the Sun having fouth declination, 
bis altitude was obferved to be 8° 37%’ 3 and 66 minutes afterwards, his al- 
titude was 13° §12/; and 66 minutes after that, his altitude was 16° 34” : 











Required the latitude. ~. 
At fome time, alt. 8° 37%’ nat. fine 14997 
; ) 13517 = D. 
66 m. 13 514 523955 | . 
r%,C4559 = F. 
66 m. 16 34 528514 J 
2F=,C9118 & E = 04308. 
ace A I A a — 
66m. = 16’ 30’".. And 6h.—rh. 6m. = 4h. 54m. 
L,t" 8° 15° 30,83865( Lys, 65° 59’ ~ 0,39040 
L,E = 0,043¢8 8.64325] Ls; 16 30 © 0,54 66 
L »D == 0513517 0,860913| L,b 0.13517 9.13087 
Sa 8 1,1643 10,¢6793 
L,tsaz= 65° 59 10,35103!oL,s, 3°45a 0 7203312 
sara "0,005024 7,7010 
y. A= 4h. oe poe Greater alt. 0.28514 ; 
ow 4h.23m.56f.4 1h.6m.==5 29. 50. Seer ee 
And 6h.— 5h. 2gm.g6f =oh. 30m, 4f. os bare tae = He 
13.29 56 at lait alt. jet 39° ber! thekoulantace 


10 23. 56. mid. alt. ; um = 
9 17 a leaft alt. the } diff. = 


2z2 aci the diclination. 


Exam. If. Ina high north latitude, and the Sun to the eaftward of the 
meridian, bis altitude was obferved to be 41° 53/3; and 2b, 10m, afier, bis 
altitude waa §0° 23%'; and 2h. 16 m. after that, bis aititude, was again 
obferved to be 44° 54’: Required the latitude. | 


‘In the forenoon, | alt. 41° 53” fine Pee 
sft interval 2h. 16m.=34° 0 50° 233 97 704.2 D = ,03825 


ad interval 2h. 16m. 44 54 970587" F = 06455 ! 


Zz 2F = ,12910 
ean nnnnE-ar caenerenmmenmnny, Cnenaa aaneaan anaaaaal prea nh 
Here as the 3d. altit. falls between 1ft. and 2d; D+2F=E=,10735 





Now t,f’, 17° 0 10,51466| L, sa 86° 0° 1515642 
L,E  0,36735 9.22362] Lys, 34.0 6,25244 
LD 0,03825 — 1,41737| bsD 0,03825 8,5 8263 
LB 0,98060 999149 
Lita 86° 0" 11,15565 ah. | 
And 86°==5 h. 44 yap a ZL,f, 15° (=> 8,82599 
h.44m.$2h. 106m.=—5h. Om, a 
Sh ‘ails h. 4 noon at 3d. alt. 0,06569 8,81748 
1ft, altitude at gh, 28m. »70587, fine 3d altitude. 
2d. altitude at 11 44 50° 30° 477156, fine merid. altitade, 
gd. altitude at 2 ) ,98060, number B. 


12 4 -,20994, fine of mid, depref. 


Hence the latitude is 58° 43’ N.5 and declination 19° 13’ N. 
EXAM. 
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Exam. IV. Jn a low northern latitude, and the Sun having fouth dechi-- | 


nation, his altitude was obferved in Ld (abdiis to be O1° 49’; and 2h. 30m. 
after, his altitude was 64° 293’, and 2b. 30m, after, his altitude was 36° 53’: 
Required the latitude. 


Forenoon 7 alt. 64° 47’ fine 88117 ) * 

rt interval 2h. 30m.= 37° 30’ 64 29% 90349 D = 429215 

2d interval 2h. 30m. 30 S$ ~~ «y§8g02 i F = 431347 
| ; 2F = ,62694 





2F—=D =E= 433479 





Now 1,18" 45 10,46922] Ls, 73° 30° 0,5 4666 
LyE==0,33579 = 9152477] L's, 37 30 0.21555 
L',D==0,29215 53439} L,D 0,29215 9.46561 

—~; =L,B 1,68 »2278 
L,t,A ‘106° 30° 10,52835] aris, 27° 4 pain 


Anda = 7h. 6m. 

7h. 6m.+2b. 30m.—=9h. 36m. 
And gh. 36m.—6 h==3h. 36m. 
the gd. alt. at 3h. 36m. P.M. 


0, 34826 J 5MIGt 
58902 — 


69° 36’ (93728, fine merid. altitude. 





2d. 1 6 P.M. B 1,6897 | 
it, ° 10 36 ALM. 48° 48° 7524, fine mid, depreffion. 


Hence latitude 30° 48’ N, 
Declination 10 24 N. 


69. | PROBLEM VY. 


Y 
When three altituces are taken at unequal intervals of time ¢. 


Ruxe 1ft, Let the interval between the 1/ and 3d times be called my _ 


between the 1ft and 2d , My 
| between the 2d and 3d : My 
and let the times M, 77, 7, be converted into degrees. (V. 133) 
Seck the natural fines of the three obferved altitudes. (LV. 256) 
~ And let the difference between the 1f{ and 3d be called p, 
between the 2d and 3d F. 


2d. Add together the log. fines of } mand 4 m, gives the log. of 2 a. 

3d. To the log. co-fine of 4 m add the log. fine of } n, the fum is the 
log. of i B. | 

4th. Add together the ar. co. log. of D, the log. of F, and the log. fine 
of 3M, the fum is log. of 3 c. : | 

Take the difference between the numbers 2 B and  c, call it 2 8, 
Or let 2 & be the fum of 2 Band £ c, when the degrees in the 3d altitude 
fall between thofe of the 1{t and 2d altitudes. | 

sth. From the logarithm of 2 £ take the logarithm of 2 A, the remain- 
der (10 being added to the index) is the logarithmic tangent of an arc 
G; or of its fupplement, when the firft altitude exceeds the fecond, 


sae -sareggneefiensa segregate et NAIA AEN AP AO A i ce 
* See Book IV. 256. + See Book V, Article 200. 
. . Take 


« TPO O-,- 
F 
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Fake the difference between G and the complement of | M, the re- 
mainder is an arc H, fhewing the time from noon when the laft altitude 
was taken. Hence the other times are known. : 
6th. Add together the ur. co. log. Co-fine of G, 
the ar. co. loz. fine of } M, | 
and, the log of pb, their fum is the log. of a num- 
ber I. 

ath. To log. of 1 add twice the log. fine of ¢ H, the fum is the log. 


K. 

Sth. The number K added to the natural fine of the third altitude gives 
the natural fine of the meridian altitude. = 

And the number 1 leffened by the natural fine of the meridian altitude, 

ives the natural fine of the midnight depreflion. 

The half fum and half difference of the degrees fhewing the meridian 
altitude and midnight depreffion, will give the co-latitude and declina- 
tion; or co-declination and latitude, when the zenith falls between the 


Sun and the equator. 


(V. 185.) 


Exam. 1. In north latiiude, the Sun having fouth declination; at 8b. 
40m. 10 hb. com. and 11h. 48m. by a watch, the altitudes of the Sun were 
30° 4124 45° 375 ard SO" 44’, refpedtively: Required the latitude. 


i 











ma3h. 8m.=47° | rf alt. = 30° 41" nat. fine 0,§1037 
mat 20 =20 [2d =45 273 0,714.74 aaa 
nmr 48 =27 [34 =50 44 0,83615.{ J F=0,12141 
L,5,im 10° O 9,23967|Here }p——'c=is. - 
L5,in 13 30 9,36818] And loz fr—elog. {A==L,f,G. 
am———} Alfo 1zh.—12m.= 11h. 48m, the 
LIA 0,C1054 8,60785] time of the laft altitude. 
wom | So the watch fhewed true time. 
Ls} 10° 0 9:99335| Loss 63° 30° 0.35047 
Ljs,in 13 30 9.360818] Lys3M 23 30 0,39930 
——— | 1, 0.32578 9151293 
L,ZB 022990 9236153 ——. 
an ————| 1,1 1,83110 10,26270 
L,D 0,32578 0,48707| 2L,5,5H 1° 30! 6,83584 
L,F ©,12141 | 908425 
Ls,2M 23° 30° g,60070] L,k 0,60125 7:09854 
—— 0,83615=fine 3d. alt. 
Lic 0,14860 9,17 202 Se EER 
—— ———| 56°52’ 0,8374 =Tfine mer, alt. 
L,5E 0,08130 8,Q1009 Se 
L4t,Z.G 63° 30 10,30224| 83°34’ 0,99370==fine mid. dep. 





66 30==compl. of 5 M. 


H = 3 ooh. 1Z2mM. a noon. 





Hence Jatit.==1 3° 21’ N- 
Declination =19 47 S. 


Exam. II. The Sun’s altitude was 16° 34/3; and 50 minutes after, the 
altitude was 14° 165; and 82 minutes after the altitude was 8 37%’: Re- 


quired the latitude. | 


M— 


= 
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M=2h. 12m.=33° orf. alt, = 16° 34/ nat.fin.o,28514) 7 
m=0°50 =I2 so =14 16 0,25486 > 2.=20,13517 
n==% 22 =:20 30/3d. = 8 374 0,14997 J § F=0,10489 
Ls 2m 6° 15’ | 9,03690! Here EC—j B=! gz, . 
Ls,in IO 45 © 9.25028:And xe, of fupplement of c. 
Alfo zh. 42m. is time at 3d. altitude, 
LyeA ©,01937 8.28718; & 20 at 2d. altitude, 
wa | 12 30. at 3d. altirude. 
Lsgm 5’ 999741} L'S,G 114° 0° _ 139069 
Lite Jo 16 9.25028] L's,3M 16 30 0,54666 
———- | L,D  0,13517 9.13089 
LypB 0,17689 9.24769 smerny 
‘ eee ——| Lr __‘1,17007 10,06824. 
L*,D 0.13517 O,86911/2L5,5H 20° 15° 9,07845 
Le 0,10489 9,0207 3 es 
1st M 16° 30° 9145334) LK 0,14017 pr14609 
Lec 0,22038 ~ 9934318 0,14997==fine of 3d. alt.. 
L,t8 0,043.49 ———- 8,63839|16° 52° ,29014==fine merid. alt. 





1426 114° oO 
| 73 30—compl. of + m. 
H==40 30==2h. 42m. a noon. 





61 38 5,87993=-fine mid. depr. 
Hence lat.= 50° 45’ N. Decl. 22° 23’ S. 


Exam. III. Somme time in May, and in a high northern latitude, three fuce 
ceffive altitudes of the Sun were, 41° §3’, 50° 7¥, 44° 5441/5 the intervals 
of time being 2h. 2m, and 2h. 30m.: Required the latitude. 

















M= 4h. 32m.=68° ojrft.alt.=41° 53/ nat. fin. 0,66762 | 

M=2 2% =30 30/2d. =50 73 “76743 f } p= 0103827 

n=2 30 =37 30\3d. =44 545 070589 F=0,06154 

Ls,im 15° 167 9:42001|Here $c -+4+1n—! ce. 

bs,in 18 45 9.50780] Alfo ah.om. == time at 3d. altitude 
———. Ii 30 © = time at 2d. altitude 

Ljta 0,08455 8,92711 9 28 = timeat 1ft. altitude 

Ls\,im 45° 157 9:98443/ LssG 86° of 1,15642 

Lsin =A A Y 50710) L's,gM 34 0 O,25244 « 
————| L,D 0,03827 8,58286 

L,iB 0,31012 949153 -_——— 
————| L,t 098112 9999172 

LD 0,03827 41714) 2L,iH 15° O° 8,82599 

L,F 0,06154 §,73916 eae scineees 

Ls,5M 34° 0 9:74756| LK  0,06572 8,8i771 

Lyte 0,89921 9:95 386 0,705 89==line of 3d. alt. 

ute 1,20933 10,0825 450° 30’ 0,77161==fine merid. alt. 

“24,4G 86° of 11,15543)!2 6 0,20951==fine miden. depr. 
. 56 o==compl. of $m. | Hence lat-==58° 42’N, 
: 7 Declinat. =19 142 N. 
H==30 Oc=2h, from noon. | 
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Exam. IV. Suppofe threef uceefftve altitudes of the Sun were, 61° £9’; 
66° 393’, 36° 54’, taken at intervals of 2h. 14m, and 2h. 46m. > Required 
the time of the day, and the latitude. | a 
M=5h. om.=75° ot rf. alt, =61° 47/nat. fin.o,881 2h 


m=214 =33 30 ep2d. =66 397 0,91726 D=0,29215 
































n=2 46 =41 30 }3d. =36 53 0, 58902 F =0,32824 

Lsom 16° 45° 9:45969|Here {c—e=#E, 
Ls,in 20 45 9754936] And c is a fupplement. 
————|Alfo 3h. 36m.=time at 3d. alt. 
Lyra ©,10211 9,00905 12 50 =time at 2d. alt. 
—_ - 10 360 = time at if. alt. 
Ls,im 16° 45’ 9:98117| Ls,G 106° 30° 0,546€6 
L5,5% 20 45 9254936] L'naM 37 30 0,21555 
— —| L,D 0,29215 946561 
L573 0533926 953053 — 

; _ ——| Lr  1,68969 10,22782 
LD; 0,29215 0153439|2Ls,iH 27° 0° 9931409 
L,F 0,32824 951619} ~~ eae 
L,3M 37° 30° 9278445] LK 0,34825 9:54195 
utc 0,68 396 983503 ©,58902 =fine of the 3d alt. 
L,tE 0,34470 9553744) 69° 36’ 0,93727==/ine merid. alt. 
L426 106° 30’ 10,52839/48 48 0,75242=fine mid. depr. 

52 30--comp. of 2 m. {Hence latitude = 30° 48’ N. 
_ Declination c= 10 24 N. 
H==54  c==3h. 36m. 4 noon. 
90. PROBLEM VI. 


Given two altitudes of the Sun, the interval of time between the two obfzr- 


- wations, the Sun’s declination, and the latitude by dead reckoning; to find — 


the true latitude. | 
‘ Sorvewrion. 7 
~ aft, Convert the interval of time into degrees, and take its half, 


Alfo take the half fum and half difference of the two altitudes. 
Firft Operation. 
ad. Add together the five following logarithms. 
‘Jog. co-f. of the half fum of the two latitudes, 
log. fine of the half diff. of the two altitudes. 
Ar. co. log. fine of the half interval. 
Ar. co. log. co-f, of the declination. 
Ar, co. log. co-f. of the lat. by account ; their fum * is the log. fine ofan arc. 
3d. Take the diff. between this arc and the half interval ; and the half of 
this diff. is half the time from noon, when the greater altitude was taken, or 
half their fum is the time from noon, when the lefs altitude was taken. 
4th. Add together the three following Jogarithms. 
log. co-fine of the declination. 
log. corfine of the latitude by account. 
Twice log. fine of half the time from soon, in degrees. 


eyes ee ee Ne ee 
® Rejecting the tens in the {um of the indices in this and the following 

logarithmic work. | 7 
. Seck 


ieee ee 


* 
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Seek the number to the logarithm of the’ fum, then that number 
doubled is a number, called the correction; which being added to the 
natural fine of that obferved altitude, half the time of which from noon 
was taken, gives the natural fine of the mer. alt. which is by it knowa : 
and hence the‘at. is known by Problem I. 


716 , REMARKS. 


But to know {f the latitude thus found is accurate, make a fecond opes 
ration. Thus, 

To the fum of the firft four logs. ufed in the 2d article of the rule, add 
the ar. co. log. co-fine of the latitude found by article 4th. ‘The fum 1s 
the log. fine of an are. 

Work by the 3d and 4th articles, for a cortected latitude ; and if i¢ 
comes out the fame, within a minute or two, as that found by the firft 
operation, it may be efteemed the true latitude. 

Or, if the difference between the refults of the two operations do not ex+ 
ceed about 2th of the difference between the latitude affumed, and that 
fir(t found, the laft refult may be accounted fufficiently correct. 

But if the difference between the refults of both operations is much 
Aloud than the Jaid ith part, then a third operation with the laft found 
atitude wiil generally give the latitude exact enough. 


When the latitudes found by the firft and fecond operations have.one 


preater and one lefs than the latitude by account; or if thefe latitudes 
found differ by a degree or more; then make a third operation with the 
half fum, or mean, of thefe two latitudes 5 and if the latitude found dif- 
fers from the faid mean, half their fum will generally give the latitude 
véry near the truth. 7 

When both obfervations are made in the forenoon, or both in the af- 
ternoon 3 : 

The half interval is half the difference of the times from noon : 

And the firft found arc is half the fum of the times from noon. 

But when the obfervations are, one before, and the other after, noon ; 

The 2 interval is the 3 fum; and the firft found arc is the } diff. of 
the times from noon. 

The } diff. added to the 2 fum gives the time of the obfervation far 
theft from noon, 


And the 3 diff, taken from the 2 fum gives the time of the obferv. 
neareft to noon. 

42. The ttmes of obfervation fhould be taken to feconds, or at leaft to 
quarters, or thirds of a minute of time. They are beft when taken be- 
tween the times of gh. A. M. and 3h. P. M.: the interval of time be- 
tween the obfervations ought not to exceed five hours, nor be much Je 
than the time from noon at the taking of the greatelt altitude : in general 
the interval fhould not be much lefs than about 3 of an hour. 


73- This problem is beft fuited to fituations, where the Sun’s meri- | 


dian zenith diftance is not much lefs than half the latitude: for in lati- 
tudes where the Sun approachcs near to the zenith, the obfervations are 
to be taken much nearer to noon; and the rule inftead of approximatin :, 
will in fome cafes give the refults of fucceflive operations wider and wider 
from the truth ; in fuch cafes it is beft to apply Prob. IL, 

Ya 74 Ab:ut 
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74. About the year 1740, Mr. Zohn Dowwes, a mathematician at 

Amfterdam, and examiner of the marine cadets there, firft communicated 
to the fea officers of Holland a folution of this problem, by the. help of a 
fet of folar tables which he had computed for that purpofe. Manufcript 
copies coming into the hands of feveral Englifh officers, who held the 
method in high efteem, ic was in the autumn of the year 1759 publithed, 
without any dictnonftration ; but one has fince been given y feveral per- 
fons. In particular Dr. Pemberton communicated to the Koyal Society 
the whole compofition, and fhewed the limits, or where the method di~ 
verges, together with other ufeful particulars. This curious paper of 
the Doctor’s was pwblifhed in the Philofophical Tranfactions for the year 
1760. : 
"Mr. Douwes’s tables confift of four columrs; in the firft column 
ftands the time to every half minute, extended to fix hours: the fecond 
column, called half the lapfed time, contains the arithmetical complement 
of the logarithmic fines of the degrees correfponding to the times they 
ftand againft, in the firft column: the third column, called middle times, 
are the logarithms of twice the natural fines of the times, in degrees, 
which they ftand againft : and in the fourth column are the logarithmic 
verfed fines of the times, in degrees, they ftand againft. But the pre- 
ceding folution requires no other tables than fuch as are in the common 
books of navigation *. : aa 


Exam. I. Mt 9b. 18m. and at 11h. 30m. by a watch, the Sun’s alti- 
tudes were refpectively 8° 37%’, and 16° 34'; the Sun’s declination was 22° 
2.3/8.3 and the latitude by account 50° 40'N.: Required the true latitude. 











h. 18m. 5 Aebo ale 89375 
2 30 } zh. 12m.==33°; altutudes ; 16 34 nat, fine 0,28514. 
interval ana 4 ; 25 315% | 12° 35%°=# fumalts. 
or } diff. times (2° 3 Ue pe A on ee ws 
7. 56% 358i diff. alts. 
vs,¢ fum alts. 12° 353° 9.93942 |Ls, declinat. ==22° 23/ 9:96598 
Ls,g diff. alts, == 3 58} day Ls, latitude ==50 40 9,80197 
LY5,¢diff.times==16 30 | ©,54606 Dee an 8,82317 
Ls‘, declinat. ==22 23 ©,03402 sz time = 3 43% 8.82317 | 
Ls, latitude ==5§0 40 0,198C3 Ly + correét. ==,00247 7139429 
_ fe 6 3 Correction ==,00494 to be added. 
~ee are =e oie 3 nat. s, Of 16° 34° ,28514 great alt. 
16 30 _ [ss merid. alt, ==,2g008 16° 52’ 
| Meridional zenith dittance 73 8 S, 
9 274 Declination 22 23S. 
Sts half - == 3 4334t. from noon. |'True latitude 50 45 Ne 





1 
gee otnsen peeping ene 





* Among the feveral publications of thefe folar taldes, the moft exten&ve 
and ufeful is in the Nautical Aimanac for the ycar 1771. 


EXAM. 
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.Exam. Il. 41245. 12m. andat 34. 20m. by a watch, the Sun's alt;- 
tudes were 56° 443’, and 30° 41}! refpecfively ; the Sun’s declination was 
19° 48’ S. and the latitude, by dead reckoning, 13° 14/ N.: Required the 
true latitude. 


56° 447’ nat. fine 0,83615. 











r2h12™ ee ee 
3 20 } 3h. 8 m.—=47°; altitudes 30 4it 
—— 87 253 | 43 43 == = fumaltitudes, 
half diff. times =23° 30° © 2 
26 3 13° 11 =12 diff. altitudes. 





Ls, x fum alts. = 43° 43” 9,8s900[1s',declinat. == 19° 48’ 997353 
Ls, ¢ diff. alts. ==13 1% 9,35290/Ls, latitude == 13 14 9.98831 








L's, 5 diff. times ==23 30 0, ) : _ a l 841630 
L's’, declination == 19 38 RE Se ahieg HME: == 2 293 } 531630 
U's’, latitude =13 14 0,01169 —_— 
———— |, 4 correct. ==,000623 6,79444 
45, aN arc = 26 29% 9,64936 ——— 
23 30. Correftion ==,00125 to be added, 
ce 5, great alt. ==,83615 
2 595 
ee s, merid. alt. ==,83740==56° 52” 
[ts half = 1 293 tim. fr.n.|Merid. zenith diftance =33 "8 S. 
ormceseemen Declination =19 485S.- 
‘Trae latitude =13 20N, 


Exam. III. Required the latitude oe @ place from the following obferva- 
tions made with a regulated watch and a Hadley’s quadrant. 


Altitude 41° 53’ at gh. 28m. A. M.?. 
Altitude 44 54 at 2h. om. P.M. § interval gh. 32m.—=68°, 


eee cones 


86 47 * 2327—=! fum of the altitudes: declination 19° 12” N. 





2) = cae 
3. FL 1 gSei=ot dif. altitudes? lat. by account 59 ON. 
us, % fam alts. == 43° 232/ 9:86134|Ls, dechinat. = 19° 12’ 9:97514 
bs, 3 diff. alts. = 1 30% 8,42030!zs, latitude <= 59 9 = 9.71184 
\. & 4 — 
L's, 2 fumtimes= 34 0 0,252.44 2us,4time == 14 59 te 














Ls,declinat, ==19 12 0,0248 1252 
ts,latitade — — ° 028816 lade 
; L, $ correction = ,03251 8,51202 

Ls, ¢ diff. times 2884711] - 
| ——-Correction = ,06502 to be added. 


a noon at iftalt=—= 38 2==2h.32<m.!s, altitude 44° §4',70589 
4 noon at ad alt= 29) §8=1h.59’52” ene 
os 5, merid. altitude ,77091==s0° 26/ 


AHlence the latiude | =58 46N, 


Y¥3 | Exam) 
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Exam. IV. Being by my dead reckoning in lat 30° 30' N. the declinas 
tion being 10° 24%.3 the Sun’s altitude in the forenoon was 61° 47’, and 5 
bours after, in the afternoon, his altitude wes 36° 53’: Required the trye 
jatitude. 


The interval, or diff. of time== sh. 


9’ nat, fine ,8814 
diff, time 2h. 30m.== 37° 30%. : Z 


5% 


Altitudes § O1° 4 
36 





97 $23 | 48 56%! fum alt. 
2— 
25 41¢! 12 51 ==! diffvalts. 


Sa 





ys’, % fum alts, =z 48° 56%’ 9,81750 


us, deelinat. == 10° 24" 9.99280 
us, S diff. alts. == 12 51 934713 a 


Ls’, latitude 39 30 =. 9.93532 





L's, + diff. times == 30 90 0*,21 Pee eu 2616 
tL s, declinat. = is 24 seer bie CE: aa at sabi 
us, latitude == 30 30 0,06468 _—-—— 
a—— —-— |L tcorrectt. = ,02828 8.45142 
Ls, 3 fumtimes== 16 27 9545206 oe 





: —'Correétion’ == ,05656 to be added, 
&noon at salt 21 3==1h.243m.|s, greatett alt. = ,85117 


Anoonatzd.alt. 55 57—=3h.35¢m./\s, merid. altitude ,93773==69° 40° 








Merid. zenith diftance ==20 20 §. 
rf altitude, at roh. 353 min. Sun's declination ==10 24N. 
ad altitude, at 3h. 354 min. 

| * | Latitude ==30 44 N, 


Second Operation. 


“Sum of the rf four logs. 9,38738\ Ls, declinat. == 10 24 9.99280 
L's, new lat.is == 3044 0,06573) Ls, new lat. == 30 44 9193427 





: | , 9.26003 
us, i fum times = 1630 9,45311|7"" veme: eae Se 9,:26063 
4 noon at iftalt. == 21 os=th. 24m. |L, 4 corre&t. ==92808 8,44833 
a noon at 2dalt. == 54 o=3h. 36m. | a ey 
yft altitnde at yoh. 36m. A. M. Correétion =,05616 to be added, 
ad-altitude at 3h. 36m. P. M, s, greatefl alt. =-,88117 

| | s merid, alt. =,93733=69° 39. 
Hence the true latitude will be 30° 48 N, | : 


Exam 
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Exam, V, Being by account in latitnde 16° 20’ S. apd the Sun’s decli- — 
nation 22° 48’ S.; at'8" 31™ 44° forenoon, the altitude of the Sun’s center 
was 40° 38’; and at 14197" 44° P.M, its altitude was 70° 26’: Re- 
quired the true latitude. 

‘Times 13 17 44 | Alts. 70 26 Nat. fine = 0,9422 
83144 | | 40 38 ‘ 


4 46 == 74° 30's its $= 35° 45% ran 45 % fam = 55° 32". 





29 48; 2 diff. = 14 54. 
‘L's, Efum alts. ==55 32 9.75276) L,s, declination = 22° 48’ 9,96466 
Ls, 2 diff, alts. =14 54 9.41016! Ls, latitude = 16 20  9,9824% 





Ls, £fum times =35 45 0,23340/Ls, + leaft time = 9 43 9,22731 
Ls, declination =22 48 0,03534/L5,tleafuume == 9 43 922735 
Ls, latitude ==16 20 0,01789 . — 
: ———-— | L.,No.tcorrc&t.=,02520 8,40139 
L,s, £ diff. times 16 1 4495 —— ae — — 
° 2 psec) Correétion =.05540 to bé added. 
Leaft time =1g 26,its $=9°43’.|N.s, gr. alt. = ==.4.225 


aes Crane ED 


N.s, mer. alt. =,99265 —80° 03’ 





Mer. zenith diftance 6 57 S. 
Sun’s declination 22 48S. 


Latitude 1551S. 


Second Iperation. 
Sum of the four firft logs. 9,43 166/45, decl. 
ts, latitude Sil ot 0,01683/1,s', latitude 
| Ls, + leaft time 
L,s,idifftimes =16 184 9.44849)L.4, z leaft ume 


22° 48’ 9,96466 
15 51 9.98357 
9 432 9.22749 
9 43% 922749 





35 45 : —_———— 
vavees eae Lt, N° +correct, =,02528 8,40281 
Leaft time —=1g 264,its$=—9°434° ~ 


d Correction =,c5056 to be-added.- 
N.s, gr. alt. =,94225 
#2 aig : N.s, mer. alt. wr 94928 1==8 3° 07". 
Hence the true latitude may be taken at 15° 55° S. | 
Suppofe the latitide, declination, and altitudes the fame as above ; Lut the 
times had been at 8° 31™ 44, and 10% 42™ 16° 22 the forenoon; or at 1° 
17™ 448 and 3° 28™ 168 in tie afternoon 5 to correct the latitude by account. 
Times 10% 42" 16* Or 3° 28™ 168 
831 44° 157 44 


2 10 32 2 10 32==32° 38’ its } = 16° 19 = 4 diff. times, 
Confequently, in the firft part of the operation, if the 16° 19’ be ufed 
inftead of 35° 45’; the fum of the five Jogs. will give the log. of 35° 45’, 
_ for the half fum of the times; and half the leaft time will be 9° 43: 
a fame refult will be obtained, and the final latitude will be 
15° 55 9. 

' aT three zenith diftances, circumftanced as in Problem IJ. or III. could 
be taken, the latitude would be found with lefs trouble, | 


Y4 EXaM 





4 
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Exam. VI. Wanting to go through the 8° N. channel among the Mal- 
dives, and being by account in lat..7° 20/ N. with 22° 48! N. declination, at 
9» 255" forenoon, I found the true altitude of the Sun's center was 22}°; 
and at 10° 314" its altitude was 63° 40’: Required the fhip’s true latitude. 
Time 10" 31™ 48! . Alts 63° 40° Nus, ,89623 

7 25 40 22 30 


GaP Ce a a.m Gemep 


Interval 3 6 846° 32’; its t= 23°16 86 10; 43 og==} fumalt. 


nae 





41 103 20 35==4 diff. alts. 

5, 2 fum alts, == 43° 05’ 9,86354| c's, declinat. = 22 48 9,96467 
Ls, diff, alts. = 20 35 9.54601) 1,5, latitude = 720 999643 
L's, ¢ diff, times == 23 16 0,40339/L,s, L]time = 11 12 9,28157 
Ls, declination = 22 48 0,03533)t,s,4 1. time = 11 1 9,281 
L's, declination == 7 20 0,00357/,, No + correét. 103344 8,52424 
Correction == ,06683 

N. s, gr. alt. 2.89623 


° ~ r ; ramen ane oy pO is 
Leaf tim. a noon == 22 3, its£—1191 2’ N.s, merid. alt. == ,96311==74° 23. 


a 


L 


1s, lageude = 7 20 9.85184 


Mer. zen. dift. —=15 37N 
Declination ==22 48N. 
Latitude =7 411N 


Second Operation. 
Sum of the four firft logs. 9,848271} 1,5 decl. == 22° 48’ 9,96467. 
Ls, latitude == 7° 11/ 0,00342/L,5, latitude == 7 11 9,99058 
————i Ls, ¢1,tme = 11 of 9,28108 
Ls, fum times 45 17¢ 9,85169/155,4 1. time == 31 03 9.28108 
zdiff. times 23 16 Ly, N° correct. = 03337 8552341 
Corretion. 06674. ° 





Leaf time Anoon 22 14,itsE=11°0}’ 


N.s, mer. alt, 9}0297==74° 21°, 
7 Hence the latitude is 7° 9’ N. 

If the altitude had been at 15 28" 32°, and at 4> 34™ 20°, both afternoon, 
the latitude would have been the fame. ) 

But had the times been at 7" 25" 40° forenoon, and at 15 28™ 12% af- 
ternoon: or, at 10° 31™ 48* forenoon, and at 4" 34" 20° afternoon, with 
the fame altitudes, declination, and latitude, by account, to correct the. 
latitude. | i | 





Times 13) 28" 12° Or 16> 34™ 20° 
7 25 40 / 10 34 48 
G6 2 32 fum of the times 6 2 32 





3 1 16-45% 19 . 
Then the log. of 45° 19/ being ufed for te third log. inftead of that 
of 23° 16’, the fum of thefe five logs. will be the log. of 23° 16/, the half. 
difference of the times ; and, confequently, the leaft time will be the fame 
as in the former operation ; and the final refult for the latitude will be 
the fame. : : - : 
: Exam. 
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Exam. VII, Wanting to make the Englifo Channel, I ee the true 
altitude of the Sun's center 24° 30/, and 3 4™ after, its altitude was 52° 
16 ; our latitude by account was 49° 12", and the Sun’s declination 23° 5 
Required the foip’s true latitude. | | 


- g* 4m—46°; its $==23° the Z interval, 2d alt-==52° 16’ Nat. fine 79087 
Ift alt==24 30 
76 46 | 38° 23” 
2——-~ | 
. 27 46113 53 
Ls, ¢ fam alts, 388 23’ 9:89425|1,5°, declination 23 0 9:95403 
Lissa diff. alts. =13 53 © 9,380ri|t,5', latitude = 49 12 9, 81519 


L's, t interval =23 0 0,40812/L,s, + leafttime = 1§ 4£ 9.41512 
Ls declination =23 0 0,03597|L,s, 4 leafktime = 15 4 9.41512 
L's’, latitude =49 12 0,184811) No 2 corret.=04069, . 8.60946 

: rm Qe aE ai 08127 : 
$5, % fam times==s5 3 °9 990326 Correétion ey 





ah es ie sits 2 10941] Ns, mer, alt. ==87224=-60° 43% 
Penn ere gaa tard Zen. dik=29 17 
Decl —23 o 

Latitude 52 37 








Second Operation. | 
Sum of four firft logs. 9.71845) L,5, decl, = 23° 0 9,96403 
L's, latitude == 52°17" = 6,21 342] te’, pouee =5217 9,78658 
,+fumtimes— 9.93187| be zl time = ==17 52 48686 
ia a me 17 52 348686 
Leaft time &noon 35 44,its$=17°%¢2’| &» N° 2 cored. = 05308 = 872433 
Latitude 52 17 firft found. 10602 
Latitude 49 15 fecond found. 79087 I 
- s 89659—63° 45”, 
zeh 32 Zen. dift. 26 15 
. Decl. 23.0 
perenne 3° 40 Latitude 49 15 
Lhird Operation. 
. Sam of four firft logs. 971845 |L5s', decl = 23° 0 996403 


LS, latitude == 50°46 = 0, 19895 | Les latitude <= 5046 9,80105— 
' | 7 “—=—— | Ls, 7 leat time = 1623 9.45034 





15,7 {um times= 55 46 9.91740 Ls, 3 leafttime = 1623 + 9.45035 - 


23 0 L, N° Scorret. ==04632 8$,66577 
a ee _ a oe ’ 09264 
Leak t. 4 noon = 32 4Orits 3 16°23 79087 
N.s, mer, alt, 88351 ==62° o4/ 
Zen, dift. 37 56 
Decl. 23, 0 
Latitude 50 56 
Former mean latitude 50 46 
| 101 42 
True latitude 50 51 
‘ In 








_-. 
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In the preceding Problem it was fuppofed that both the altitudes were 
taken at the fame place; but as this can feldom happen at fea, it is ne- 
ceffary to fhew how the latitude may be obtained when the altitudes are 
obferved at two different, but not very diftant places. 


75 PROBLEM VIL 


Given the latitude by account, the Sun’s declination, two obferved alt;~ 
tudes, the interval of time, and the courfe and diftance run, between the ob- 
Jervations 5 to find the latitude correfponding with the noon of tiat day. 


SOLUTION. 


rft. Find the latitude by account at the time, when the greater alti- 
tude was taken. 

ad. Let the bearing of the Sun be taken by the compafs at the inftant 
when the leaft altitude was obferved, and take the difference between that 
bearing and the fhip’s courfe by compafs. | — 

3d. With this angle, or its fupplement, if more than go degrees, and 
the diftance run by the fhip between the obfervations, find the difference 
of latitude in the traverfe table. 

4th. This difference of latitude muft be added to the firft altitude, - if 
the angle between the Sun and fhip’s tract be lefs than go’; but it muft 
be fubtracted from it, if that angle be greater than go°, to give the firft 
altitude, as it would have been found, if it had been obferved at the fame 
_ place where the fecond was. 
~~ gth. With thefe altitudes (thus reduced to the fame zenith), the ob- 
ferved interval of time, together with the declination and the latitude by 
account, at the greateft altitude, find the meridian altitude by the pre- 
ceding problem ; and hence the latitude will be obtained for the time, 
when the greater altitude was obferved. : 

6th. If the latitude be required for noon, with the courfes run by the 
fhip, correéted for variation of the compafs and lee-way (32, 35,) and 
her diftance run by the log. find the difference of latitude made gaod 
from the time when the yreater altitude was obferved at noon; Which 
being applied to the latitude, found above, at the time of the greater alti- 
tude, will give the latitude at noon, 


REMARK. If the Sun’s bearing could be taken with fufficient accu- 
racy at either qbfervation, it would render the other obfervation ufelefs ; 
for, with the azimuth, the polar diltance and the zenith diftance, taken 
at any time, the latitude and hour from noon may be found. But al- 
though the Sun’s azimuth cannot be obferved with fufficient exactnefs 
for this purpofe, it may for obtaining the corre€tion to be applied to one 
of the altitudes to reduce it to what it would have been found, if it had 
been taken where the other was. For the {mall error incident to the 
correction of the zenith diftance, by being computed from an azimuth 
fomewhat erroneous, will bear to ihe error in that azimuth, a ratio but 
Jitsle different from that of the fine of the diftance run by the fhip to the 


co-fecant. 
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co-fecant of the angle which the fhip’s courfe makes with the azimuth 
circle that the Sun was on*. Or, inftead of obferving the fun’s azimuth, 
it may be computed from the latitude by account, fufficiently exac& for 
the purpofe of obtaining this correction, as was propofed by Dr. Pem- 
berton. | | 

Note, In the fecond operation of the Examples to the VIth and VIIth 
Problems, the arith. compl. of the co-fine of the latitude is added to the 
fum of the four firft logarithms, according to the precept in Problem VI. 
by which means the conformity of the fecond operations with the firft is 
more exprefsly fhewn; yet the fame logarithm would be produced by 
dedudting the co-fine of the latitude from the faid fum. 


Exam. 1]. Sailing S. E. 11 knots an hour, at 9° 36" ferenoon, the true 
altitude of the Sun’s center was §2° 2', and his bearing was S. 60° 30’ &. 
and at 112247, bis altitude wae 63° 45’; the latitude by account at this 
time being 48° 46' N. and the Sun’s declination 23° 20' N.: Required the 
datitude at the time when the latter altitude was obferved. 


Now 11h, 24m.—gh. 36m.=1th. 48m. is the interval of time.. 

And th.: 1h. 48m. : : rikn. ; 20kn. nearly the dift. run in th. 48m. 

Alfo 60° 3%’ the Sun’s rhumb, leflened by 45° the fhip’s rhumb, leaves 
15° 30’ for the diff. of rhumbs. | 

Then with the courfe 15° 30’, and dift. 20m. the diff. lat. is 19m. 

And 52° 2’-+ 19/= 52° 21’ for the leffer altitude corrected ; or fitted ta 
the zenith where the greateft altitude was taken. 


27° Q Alts. 63° 45’ N.S. 89687 
13 50 52 21 N.S. 79176 
half fum 58 3; half diff. 5° 42’, 


Now th. 48m. 
half igterval 


fl 


us + fum alts, == 58°03° 9,72360)Ls‘ declin. ==25° 20° 9529 
Ls £ diff. alts, == 5 42 8,99704/Ls lat. . ==48 46 o 81895 
L's tdiffitimes = 13 30 = -0,63182/Ls, El. time = 4 10 8,861.28 
L s\ declination == 23 20 0,03706/Ls, +1. time = 4 10 8,86128 


L's’ lat. 48 46 01810315, N° £ corr, =,003196 7250447 
: ~~~! Correéti ==.; 
“Ls = fum times = 21 59° 9257955 Ns dean ne — ae 


ampere 





Lr. timedanoon== 8 zo, its }==4 10 N.s mer. alt. = 190320 = 64 35 


mer, zen. dift. 25 258. 
Declin, 23 20N, 
Lat. 48 45 N. 


Here the lat. 48° 45” computed, differing by r minute only from the 
Jatitude by account, may be taken for the true latitude. 





° Cote, Biftim. Err. ia Muxt. Math, Theorem. 22. 
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Exam. II. Being by account in latitude 51° 6’ N. when the Sun’s de- 
elination was 22° 23/ 8.3; at gh. 18m. A.M. the Sun’s altitude was $* 
372’, when be bore §. 36° 45/ E. ; and having run NW. b. W. eight knots 
an hour, at 10h, 40m. the Sun’s altitude was 14° 46': Required the latitude 
gt the time when the fecond obfervation was taken. 


Here the obferved difference of time is rh. 22m. 


Now rh. : rh. 22m. :: 8kn.: : rink. nearly the diff. run betw. the obf.. 


‘Here the Sun’s rhumb. is S. 36° 45’ E. 

And the fhip’s rhumb. is N. 56 15 W. 

The angle comprehended between them is 160° 30’. 

Its fupplement is 19° 30’, which as a courfe, with the dift. 11, gives 
30} for a diff, lat. 

And the fhip running northward from the Sun lefféns the altitude. 

Then 8° 373/—-103’=8° 27’ is the alt. to be ufed at the ad obfervation, 


To find the latitude by Problem VI. 


oh. 40° } interval—r1h. 22m.=20° 30°. 14° 46/ | fam = 11° 362", 
. 3 half diff. times==10 1§ Alts. } 8 27 A diff. — 3 Zo 


frat 


Ls, ~ fum alts. = 11° 362” = 9,99102} Ls‘, declination 22° 23° 9:96598 


us, tdiff. alts. = 3 92 874111] Ls, Fatitude 51 9:79793 
u's, i diff.times—= 10 15 974972} 215.3 time 10 37 8.53075 
Ls, declination== 22 23 0,03 402 Sees 


us, latitude ==51 6 ©,20207| L,} correction ,019705  8,29466 


oe eee eae EMSA 


Ls, ¢ fum times = 31 29 974794 | Correction 303941 - 
—— | Nat, fine 925488 Of 1.16’ 
Leaft time a1 14 from noon. eres 


5, of 17°07" 229429 merid alt. 
And 72 53==merid. zen. diftance. 





Then 72° 53——22° 23’==50° 30’ N. is the latitude. (60) 
| Second Operaticn, 

Sum of the four firft logs. —-9,51587] us, declination== 22°23’ 9,96 598 
us, latitude 50° 30° 019649] 15, latitude ==50 30 980361 
an ————|2Ls, Flea time 10 24 8,51305 
Ls,z fum times 31 34 Y;7 1236 | — 
—- ————=| L,z Correction 0,019165  8,28954 

Leaft time 20 48 fr. noon. ee ee, 


Then the correction 0,0383340,25488 the nat. fine of 14°46’ gives 
©,29321 the nat. fine of 17° 03’ the merid. alt. and thie merid. zen. dift. 
=72° 57’. 

-  “Therefore-the latitude will be 50° 34/ N. . 

And by making a third operation, the latitude fought will be found te 

be 50° 34'N. The fame'toa mile as it was before. 


Exam, 
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Exam. III. Running with a brifk gale ten knots an hour,on a W.S. WW. 


al at 10 
be 61° 47'3 @ 


je forenoon, the altitude of the Sun's center was obferved te 
at 3h 36" P. M1. his altitude was again found to be 36° 


5’, and his bearing 8. 80° 30’ W. by our account, the latitude at 10% 36" 


vwas 30° N. and the Sun’s declination 10° 24/ 
at the time of the firft obfervation. 


Here the obferved difference of time is five hours. 
And th: sh: : rokn : Sokn. the diftance run between the obfervations. 
When, as in this cafe, the Sun’s bearing is taken at the fecond ob- 
fervation, the oppofite. point to the fhip’s courfe muft be ufed in reducing 


that altitude to the fame fituation with the firtt. 
Now the Sun’s rhumb is S. 80° 30’ W. or N. 80° 30’ E. 
And the oppofite point to the fhip’s courfe, is N. 67 


30 E. 


N.: Required the latitude 


~~ 


Their diff. is 13° 08’, which as a courfe, with the dift. 50, gives diff. 


lat. 49™ Then 36° 5’—49’=35° 16’. 


Then 36° 5’—49=35° 167 is the corrected alt. for the 2d obfervation. 
; To find the latitude by Problem VII. 


‘Taterval sh. =75° of 
< Interval 
Ls, = fum alts, ==48° 312’ 
us, 2 diff. alts. ==13 152 
us, + fum times==37 30 
us‘, decl. 


u's, latitude 


us, Adiff.times=17 2 


Lea. time anoon==2z0 28; its2-=10°1 





Alts. 61° 47’|% fum alts, 48° 312". 


=37 30 45 16 |2 diff. alts. —=13 154. 
9,82105|L,s,decl. == 10°24’ 
9360481 L,s, latitude == 30 Oo 
O,215§5/L.s,4 time == 10 14 
==10 24 0,00719|L5s,i time == 10 14 
=30 0 0,0624711, N° £ corr. ==0,02688 


Correftion =,05 37 
946074 N.s, Of 35 16—=,88117 


weep Ce 


/N. s, mer. alt.=,93494==69" 13° 
4 | And the latitude 


9.99281 
9:93753 
924958 
9524958 
8,42950 





at noon 31° 11’ N.(61) 


By a 2d operation the latitude will be found to be 31° 26’ N. by a 


3d 31° 30’ N., and by a 4th 31° 30’ N. 


By working with the latitude 29° 41’, which the fhip was in at the ad 
obfervation, the final refult will be the fame, as is fkewn in the following 
practical form of placing the work of thefe Examples: 9,40427 is the 
furn of the four firft logarithms. 


Firft Operation. 


9,49427 
0,06109 


9,465 36 
16° 582’ 
37 30 





54 284 
27 14¢ 


Mer. alt. 
Zen. ditt. 


Decl. 
Latitude 






919928119 .40427 
9 93891}0.06724 
9,66056) 9.47151 
9.66056417° 132’ 
9.25254 
917909}37 30 

©,35800154 432 
0,57742|27 213 








Decl. 


Sccond Operation. 


Mer. alt. 
Zen. ditt. 


Latitude 






9.9928 119140427 
9393275)0,06869 


9,6624019,47296 
9,06240)170 177 
9,25 37 
0317798|37 30 
©,35590154 47 
0,57740|27 232 




















9-333 

6s8°538'| Mer. alt. 
21 02] Zen. dift. 
10 24] Decl. 

31 20] Latitude 


Third Operattion. 


9992813 
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Exam. IV. anuary 20, 1780, being by account in latitude 56° 30’ Ss, 
longitude 64° W. at 7h. 32m. and at 10h. 28m. forencon, by fore obfervations, 
the altitudes of the Sun’s lower limb, were 29° 472', and 49° 523'; and 
his bearing at the former N. 80° E. the eye 20 feet above the water, and be- 
tween the obfervations the foip bad run 8 knots an our, on a courfe S.50/ EB. : 
Required the mid-day latitude. 


Now fhip time 19° 32" P.M. + 4" 16" W.=23" 58". Or, 115 58" A.M. 
London. | (57-) 
Or, 22°28" P.M. +4" 16"W.=26" 44", Or, 2" 44™ P. M. Lond. tim 


57. 
The Sun’s declination fitted to thefe times, are 20° 8’, and 20°7. (V. re 


App. alt. G lower edge 29 47 30 





And, 49 52 45 
16 20 


© + diameter + 16 zo 
App. alt. © center 30 3 50 -§0 9 OF 
Dip. on 20 feet 418 4 15 

: 29 59 35 5° 4 50 
Refraétion 1 38 48 
True alt. © center 29 57 57 50 4 2 
Or, 29 58 50 4 . 


Now the interval is 2" 56". And 2: 2" 56™: : 8kn: 23kn : the difs 

tance run. 
- With the courfe S. 50 E. and diftance 23” the diff. lat. is 15”. 

Then 56° 30+ 15’==56°45/ the latitude in at fecond obfervation. 

Again. The difference between the Sun’s bearing N. 80 E, and the 
fhip’s courfe N. 130° E. gives 50°. 
_ And with the courfe 50° and dift. 23™ the diff. lat. is 16", 

So 29° 58’+ 15’=30° 13’ the corrected alt. at 1{t obfervation, 


’ The interval == 2" 5 644° Alt. 50° 4’ | ¢ fum alts.=-4o0° o8$ 














Its half —=22 30 13 | ¢ diff. altss== g 552 
Firft Operation. Second Operation. Third Operation. 
9,883 35 9:97 262 /9.57 363 9:9726219,57363 9.97264 
9.23643 9:74189/0,26331 6,73669|0,26157 9273344 
0.42647 9+7287 3 9.83694 9,7 324919,835 20 973126 
©,22738 9.72873 as apne 6 
oon eS 43° 23 9:73249| 43° 105 9.7312 
M2511 Q9!7197) 22 9.17429] _22 3:17357 
9:35 174 BO de 65 23 314940 65 10L 214910 
42° 45° 929720|— 8 32 35% 529820 
a3 032 32 qtr 35¢@ 
ees 527, Correction, 29880 250327 
64 45 »80047 Leaft alt. 95032 8014 
32 234 S30 Mer. alt. »80207| Mer. alt. 53°16" 
Zen. dif. 36 49 N. Mer. alt. 53° 20° Mer, zen. dift. 36 44 
Decl. zo 88S. Zen. dif. erry Declination 20 8 
Latitude $0 57 Declination 20 8| Latitude 56 §2 


Latitude 56 4s 
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But working with the latitude 56° 45’, and the declination 20° rie 
at the fecond obfervation. 


Firft Operation. Second Operation. 























9,88330 . 9.97266] 9.57354 9.97266 
9.23643 9+73901|0,26215 9:7 3785 
0,42647 973081 
002734 9:7 3081 | 9.83569 9373160 
@,26099 9217329) 43°14 9573160 
983453 adel Ve 917378 
43°00' : Cor. ,29808) 65 14 Ne 914920 
22 00 - $0327 . , eens erat 
| aa —| 32 37 Corr. 429840 
65 06 80135 ; 
a ee N.s, leaft alt. 950327 
32 33 ; Saat, 
Mer. alt. 53° 16 N.s, mer. alt. »80167 
ae Zen. dift. 36 44.N. Merid, alt. $3° 17° 
Declination 20 07 S. pane 
ae ae Zen. dift. 36 43 N. 
Latitude 56 5158. Declination 20 07 S. 
Latitude 56 so S. 


Hence it appears, that in the work of fuch examples as the preceding, 
it is almoft indifferent, whether the latitude by account and declination 
relates to the obfervation neareft to noon, or fartheft from noon. How- 
ever, for the fake of uniformity, it may be recommended to ufe the Jatie 
tude, the declination, and the natural fine, which do all relate to the fame 
altitude. 


~ It will be fhewn in the Appendix how this problem was confidered by | 


Facio; but his folution requiring too many trigonometrical operations to 
be of ready ufe, the preceding mcthod by approximation was fubftituted 
inftead thereof. 


76, Mr. Richard Graham’s method of folving this problem, publifhed 
in the Philofophical Tranfactions for the year 1734, N° 435, by a kind 
of inftrumental operation, may indeed give the latitude within fome 
minutes of the truth with eafe and expedition: it is, in fubftance, as 
follows : 

° Defeription of the Inflrument. 

To the meridian of a globe (properly divided) let a piece of a like 

meridian, called the beam comp.fs, about 110 degrees long, and di- 


vided like the former, be fitted, and made to flide on the upper fide of 
the meridian *. Moreover let two fliding Vernier’s fcales be fitted to 





® In Mr. Graham’s inftrument, made on purpofe for this problem, the beam 
eompafs flides under the meridian. i 
| — thole 


a 
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thofe circles, dividing each degree into every five minutes. The beam 
compa{s muft be fo applied, that a pin, on which it turns as a center, 
and fixed exactly at o degrees, or one end of it, may pafs through a hole 
at the beginning of the divifions of the Vernier which is to flide on the 
meridian, that pin ferving as the center of motion of the beam compafs, 
when the Vernier is {crewed to the meridian: the other Vernier is to 
flide on the beam compafs, and carry with it a pointer, or index, at the 


_ beginning of its divifions. | 


With this Inftrument the problem is thus folved : 


At the time of the firft obfervation, let the Sun’s bearing be alfo ob- 
ferved, and take the difference between the rhumbs on which the Sun 
was obferved, and the rhumb on which the fhip fteered between the ob- 
fervations : Then fay, 

As radius isto the co-fine of that difference of rhumbs, fo is the diftance 
run between the obfervations, to the minutes of correction to be applied 
to the firft zenith diftance, and is to be added when the fhip fails from 
the Sun, otherwife it is to be fubtracted. mn 

Then flide the Vernier’s {cale on the meridian to the given decling- 
tion, and the Vernier on the beam compafs to the firft zenith diftance as 
corrected, and let thefe fcales be fixed by their fcrews. Redtify the globe 
for noon (VI. 59), turn it til] the hour-index points at the time of the 
firftt obfervation ; there hold the globe faft, and move the beam compafs oa 
its center, nearly into the azimuth of the Sun at that obfervation, and de- 
{cribe an arc on the globe with the pointer of the Vernier. 

Slide che Vernicr on the beam compafs to the fecond obferved zenith 
diftancc ; turn the globe (the proper way) till the hour-index points at 
the time of the fecond obfervation; there hold the globe fa%, and with 
the beam compafs cut the former arc, their interfection will fhew the 
place of the fhip at the time of the fecond obfervation: bring the meri- 
dian over that point, and the latitude is found ; alfo the hour-index wil 
point at the true time of the day when the laft obfervation was made. 


SECTION 
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5 EC TION X. 
77, ° Yo find the Longitude at Sea. 


If an accurate account could be kept of the true courfes which a thip 
has fteered, as directed by the compafs, and of the diftance fhe has run, as 
meafured by the log, or by any other contrivance; then both the latitude 
and longitude of the place where the fhip is at any time, would be known 
on fettling the fhip’s account to that time. 

For the courfe and diftance being known, the difference of latitude and 
departure is readily found by the traverfe table ; and the difference of lon« 
pitude being alfo found ( VIII. 60), the true lat. and longitude are known. 

But as the fhip’s motion is liable to be difturbed from a variety of 
caufes, fuch as, a continual defle&tion from the courfe fet, by the fhip’s 
playing to the right and left round her center of gravity, and the unequal 
care of the helm{men: and the diftance failed being faulty, on account of 
tumbling feas rolling with or againft the fhip; the unfteadinefs of the 
wind; unknown currents ; fudden ftorms, and many other circumftances, 
which feem impoffible to be allowed for; her place, affigned by thefe 


means, may juftly be fufpeQed to be erroneous. Mariners judge of this © 


by finding the fhip’s latitude every day, if they can, by obfervations of 
the Sun or. Stars; and if the latitude, found by their reckoning, agrees 
what that found by obfervation, it is prefumed that the fhip’s place is 
well determined: but if they difagree, they conclude that the account of 
Jongitude ftands in need of correction ; the latitude found by obfervation 
being always to be depended.on. | 

78. The error in the fhip’s reckoning is frequently attributed to un- 
known currents. For, from caufes yet undetermined, there are: many 
and various motions of the water in the open feas, as well as thofe ob- 
ferved near the fhores, where the motions may be tolerably well ace 
counted for. Some of the currents obferved in the great feas may per= 
haps be owing to the tide’s following the Moon, and to the libratory mo- 
tion which the waters may derive from thence ; and the unfettled fetting 
and drift of thefe currents may poffibly depend on the change in the 
Moon’s declination. However, it is well known from obfervations, that 
the trade-winds occafion a confiderable current within their limits, par- 
ticularly within the Torrid Zone, where the motion is perpetually to 
wards the weft, at the rate of 8 or 10 milesaday. But at the extremities 
of the trade-winds, or near the latitudes of 30 degrees north or fouth, it 
is likely, that the currents are compounded of the faid weftern motion, 
and of one toward the equator (by obfervation 2. Art. 84. B. VI.) : 
therefore all fhips, failing within thefe limits, fhould allow a courfe each 
day for this current. — 


Although fome of the methods recommended for correcting afea . 


reckoning are little better than guefs-work, as it cannot be known with 
certainty whether the fhip is to the eaftward or weftward of the poifit in 
which the reckoning places her; yet it was judged proper to introduce 
them here, as they may fometimes be ufeful, : 

V _ Z Methods 


OL. il. 


~ 
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Methods of Correcting the Reckoning of Longitude. 
79. Mernon I, When the error is Supbofed to happen from a current. 


Confider whether the difference may not have been occafioned by a 
current, and, if it is poffible, ery it (by Article 47, Book VII.) ; or make 
fuch an eftimate of its fetting and drift, as may be judged reafonable. 
‘Then with the fetting and drift, as a courfe and diftance, find the dif- 
ference of latitude and departure, with which increafe or diminifh the dead 
reckoning ; and if the latitude, thus corrected, agrees with the latitude 


by obfervation, the departure, thus corrected, may be fafely taken as true, | 


and fo the fhip’s place determined with regard to longitude. 


Exam. I. Suppofe a fhip in 24 hours finds by her dead reckoning, foe has 
made 96 miles f aiff. lat. N., and 38 mules of departure W.; but by ob- 
fervation, finds her difference of latitude 1s 112, and on trial finds a current, 
which in 24 hours makes 16 miles of diff. lat. N., and 10 miles of depart. E.: 
What is the fotp’s departure ? 





Diff. lat. by account 96 m. N. | Departure by ageount 38 m, W. 
Diff, lat. by current 16 m.N. | Departure by current - 10 m. E. 
True diff, lat. r12 m. N. _ 28 m. W. 


Here the dead reckoning corrected by the current gives the difference. 
of latitude 112 miles, which is the fame as found by obfervation ; there- 
fore the departure 28 is taken as the true one, 


Exam. II. Yeflerday noon we were in latitude 36° 1§' N, and have 
failed thefe 24 bours, 1f. SE.ZE. 55 m. 2d. NE. by N. 20m. 3d. WS. 
70m. 4th. 8. by WLW. 20m.: and all the time in a current fetting SSW. 
3 W.3m. an hour: By an obfervation this day at noon, we were in latitude 
34° 58’ N.: Required the taue departure the foip has made? - 


- Departed lat. 36° 15’ N. 
Prefent lat. 34 58 N. 


Diff. latitude 931 17==77m. 


Here the current being taken 
into the account, produces 2 
diff. lat. by dead reckoning 
equal to that found by obferva- 
tion; and therefore the depar- 
ture by the dead reckoning is 
taken as the true departure. 











diff. lat. |77,0 dep.'24,6 


80, Mz-- 
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80. Mernon II. When the error is thought to arife from the courfes and 
_ : diffances. ! 

If the difference of latitude is much more than the departure, or the 
direct courfe has been within three points of the meridian; it is moft 
likely the error is in the diftancé, er , 

And if the departure is much greatér than the difference of latitude, 
or the direct courfe is within three points of the parallel, or more than 
five points from the meridian, the error may be afcribed to the courfe. 

But if the courfes are in general near the middle of the quadrant, the 
error may be either in the courfe, or in the diftance, or ‘in both. 

For, to caufe an alteration in the difference of latitude, the firft of thefe 
cafes requires a greater error in the courfe than can well be fuppofed to 
have been committed; in the fecond cafe, the diftance -muft be fo faulty 
as would fcarce efcape obfervation; and in the laft, it is often doubtful 
whether to attribute the error to the courfe or diftance; but it is ufually 
corrected in both, | 


81. Case I. 


When, by the dead reckoning, the diff. lat. is more than once and a half the 
departure: Or, which is the fame, when the courfe is lefs than three points. 
Ruve. To the diff, lat. and the departure by account, find the courfe. 


With this courfe, and the meridional diff. lat, by obfervation, find the 
diff, of long. 4 


Exam. Yeflerday noon we were in lat. 39° 18/ N., and by an ob ervation 
are this day noon in lat. 37° 48’ N.; our dead reckoning gives 116 miles of 
Southing, and 64 miles of eafting: Required the foip’s true difference of long. 

By the TRAVERSE TABLE. 


The diff. lat. 116, and the departure 64, gives ‘the courfe 29 degrees. 
‘The courfe 29 degrees, and the meridional diff. lat. by obferv. 115, 
gives the diff, long. 64. | 


$2. . Case II. 

When by the dead reckoning the depgrture is more than once and a half the 
difference of latitude : or, the courfe is more than five points. 

Rue. With the diff. of latitude by obfervation, and departure by ac- 
count, find the courfe and diftance. 


With the co-mid. latitude by obfervation, and depart. by account, find 
the diff. longitude. 


Exam. Yefterday noon we were in latitude 48° $2! N., and were to-day 
at noon in latitude 50° 18' N.; our dead reckoning fhews we have made 68 
miles of northing, and 112 miles of wefling: Required the true difference of 
longitude the jbip has made. . ! 

By the TRAVERSE TABLE. | 

The diff. lat. 86 and departure 112, gives 522° for the courfe, and 132 
for the diftance. | 

The co-mid. latitude 40° 25/, and the departure 212, give 173 miles 
for difference of longitude. — 
83. Case 


em. —- 
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83. Case III. _ 
When the difference of latitude and departure by account is nearly equal, or 


the direct courfe has been between three and five points of the meridian. 


Rue. With the diff. of latitude and departure by account, fince the 
Jaft obfervation, find the courfe. ' 

With this courfe, and the diff. of Jat. by obfervation, find another de- 
parture. 

Take half the fum of thefe two departures for the true one. 

‘With the true departure and diff. of lat. by obfervations, find the true 
courfe. 

With the true courfe and meridional diff. of lat. by obfervation, find 
the diff. of longitude. 


Exam. The laf? 24 hours we have made 84 miles of northing, and 76 of 
eafling ; we were yefterday noon in latitude 52° 40' N., and are this noan in 
datitude 54° 22' N.: What difference of longitude has the fhip made ? 


By the TRAVERSE TABLE. 

To the diff. latitude 84 and departure 76, the courfe is 42°. 

With the courfe 42° and,diff. lat. by obferv. 102, find the departure 91,8. 

The fum of the two departures 76 and 91,8 is 167,8, its half is 83,9. 

With dep. 83,9, and diff. of lat. by obferv. 102, find the courfe 39°. 

With this courfe and 171,6, the merid. diff. of lat. find 139, the diff. 
Jong. 

4. Dr. Halley, pving collected a great multitude of obfervations 
made on the variation of the needle in many parts of the world, was 
enabled, by the help of the latitudes and longitudes of the places of thofe 
obf2rvations, to draw certain lines on a Mercator’s chart, fhewing the va- 
riation of the compafs in all the places over which they paffed, in the year 
1700, the time he publifhed the firft chart of this kind, called the Varia- 
tion Chart. Confequently, the longitude of any of thofe places could be 
found by the chart, having its latitude and the variation of the needle in 
that place given. . ) | 
. 85. Marnon III. To find the longitude at fea by the variation chart. 

Find the variation of the compafs : for which fee Article 28. 

Draw a parallel of lat. on the chart through the lat. found by obferv. 

And the point where it cuts the curved line, which is marked with the 
variation that was obferved, will be the fhip’s place. 


Exam. A frip finds, by a good obfervation, that fhe is in the latitude of 
18° 20! N.3; and that the variation of the compafs ts 4° weft: Required the 
Ship's place. 1s 
~ Lay a ruler over 18,20 N. parallel to the equator, and the point where 
its edge cuts the curve of 4° weft variation, gives the fhip’s place, which 
will be found in about longitude 27° 10’ weft from London. 

86. This method is attended with two inconveniencies. 

Firfl, That wherever the variation lines run eaft or weft, or nearly 
fo, this way of finding the longitude becomes imperfect. But this im-. 
perfection is at prefent found chiefly on the weft coafts of Europe, be- 
tween the latitudes of 45° and 53°; on the eaftern fhores of North 
America, and in fome parts of the Weftern Ocean and Hudfon’s ath 

. therce 
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- therefore, for the other parts of the world, a variation chart may be 
efteemed of great ufe. | : 

87. But the variation curves, even where they run eaft and weft, may 
be fometimes applied to good ufe in correcting the latitude, when meridian 
obfervations cannot be had, as it-frequent!y happens on the northern coatts 
of America, in the Weftern Ocean, and about Newfoundland. For if the 
variation can be obtained exactly, the eaft and weft curve anfwering to 
that variation on the chart will fhew the latitude. 

Secondly, As the deflection of the magnetical meridian from the true 
one is fubject to continual alteration, a chart to which the variation lines 
are fuited for any ycar, muft in time become ufelefs, unlefs new lines, 

| fhewing the ftate of the variation at that time, be drawn on that chart. 
But as the change in the variation is very flow, if new variation charts 
were publifhed every feven or eight years, it would fully anfwer the pur= — 
pofe wanted: 

88. Notwithftanding the great ufe which Dr. Halley’s Variation Chart 
afforded to moft mariners, yet it has been almoft ufelefs, for want of public 
encouragement to renew it from time to time. However, in the year 
1746, Mr. William Mountaine, F. R. S. and Mr, James Dodfon, pub- 
lifhed a new Variation Chart, fitted for that year, which was well reo 
ceived ; and feveral inftances of its great utility having been. communi- 
cated to them, they drew the Variation lines again for the year 1756, and 
the year following publifhed the third Variation Chart. ‘They alfo pre- 
fented to the Royal Society a curious paper concerning the variation of 
the magnetic needle, with a fet of tables annexed, containing the refult 
of upwards of fifty thoufand obfervations, in fix periodical reviews, from 

the Pha 1700 to 1756, inclufive, and adapted to every five degrees of la- 
titude and longitude, in the more frequented oceans: which paper and 
tables were priated in the Society’s Tranfactions for the vear 1757. 

The engraving of new plates on every publicatian of fuch charts, is a 
charge too great for private perfens to incur ; and fhould, like the Nauti- 
cal Almanac, be done at the expence of the public; efpecially as the ufe 
of it is fo eafy, and fo well fuited to the knowledge and time of mariners 
in general. : | | 


89. MetHon IV. To find the longitude by the help of a perfec? time-keeper. 
This method is a mechanical folution of the following problem, 


The time in any unknown place, relative to the meridian of that place, being 
given, to find what o'clock it is, at that inflant, under the meridian of fome. 
known place ; fuppofe London or Greenwich. 


If a clock or watch were fo contrived, as to go uniformly in all feafons 
and in all places; fuch a watch, being regulated to London or Greenwich 
time, would fhew always the time of the day at London or Greenwich: 
then the time of the day ‘under any other meridian being found, the dif. 
ferencd between that time and the London or Greenwich time corre- 
capes to it, would give the difference of longitude. 

go. That very excellent astift, Mr. Fobn Harrifon, after more than 

Z 3 thirty 
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; 

thirty years clofe attention to this fubject, has difcovered many curious 
inventions to remove the irregularities to which all watch and clock~ 
work were liable, that were conftructed by the common methods. His 
inventions are fo extraordinary, and feem fo well adapted to remove the 
imperfections of clocks, that the commiffioners for the longitude granted, 
him fome confiderable gratuities to enable him to bring his notions to the 
defired perfection. Experiments of his watch were made in the latter 
end of the year 1761, and in the beginning of the year 1762, between 
Portfmouth and Jamaica; and although the refult did not fully come up 
to the wifhes of the public, yet it proved fufficient to induce the cem- 
_miffioners td enable Mr. Harrifon to make a fe¢ond trial, between Portf< 
mouth and Barbadoes ; which fucceeded fo well, that the commiffioners 
of longitude ordered him the fum of 10,000 peunds, upon his difclofin 
the mechanifm of his WaTCcN, to a number of proper perfons appoint 


‘to receive his communications ; which have fince been publifhed, and - 


watches of a fimilar conftruction have been made by other artifts, which 
have fucceeded equally with that which had been made by the inventor 
himfelf. Mr. Harrifon has even improved his former works ; and it is 
probable, that fuch watches may hereafter become more common, and be 
afforded for lefs than 10cl. or a fourth part of their prefent value. 

But to whatever degree of perfection fuch a movement may be brought, 
yet as every mechanic inftrument muft be liable to be injured by various 
accidents, it is certainly to be wifhed, that aftronomical methods could be 
alfo fo far improved, that the marine artift might be enabled to find his 
longitude from time to time with fufficient exactnefs by celeftial obfer= 
vations. : ee 


g1. Various aftronomical methods have been propofed for finding the 
longitude at fea, fome of which will hereafter be mentioned. 
- Yhefe methods chiefly depend on having an Ephemeris or Almanac 
adapted to the meridian of fome known place, fuppofe Greenwich, for 
which the Nautical Almanac is fitted; which Ephemeris fhall contain 
the Sun’s place, right afcenfion, declination, ‘the times of the planets 
pafling the meridian, as alfo the rifing and fetting, the times of the 
eclipfes of the Sun and Moon, together with thofe of Jupiter’s fatellites ; 
the diftances of the Moon from the Sun and fome zodiacal ftars at cer- 
tain times, for every day in the year; and, in general, the times when 
any other remarkable celeftial appearances may be feen at the place for 
which the Ephemeris is calculated. “Then, as thefe celeftial appearances 
are feen nearly at the fame inftant of abfolute time from all parts of the 
Earth where they are vifible: by knowing the relative times of the day, 
when fuch appearances are feen in two diftant places, the difference of 
thofe times is known, and confequently the difference of longitude bee 
tween thofe places. 


92. Meruop V. By the Sun’s declination. 

By fome of the means fhewn in Book V. between the Articles 185 
and 204, or by any other means, let obfervations of the Sun be taken, 
from which his declination may be computed at thofe times. 

Take the difference between this computed declination, and that for 
the noon of the fame day at London, as fhewn by the Ephemeris ; from 
which take alfo the daily difference of declination at that time, and fay | 
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Ms the daily wien of dechnation is to the above-found difference; fa is 
360 degrees to the difference of longitude. 


Exam. Suppofe from certain obfervations made on the 18th of April 1764, 
the Sun’s declination fhould be found to be 11° 10’ 4”: Required the longitude 
of a place o ial 3 ie 

n April 18th the decl, at London is 11° 5/ 26’ ae oe eee 
P oth er are b daily diff is 20’ 39”, 

The difference between 11° 10 4” and 11° 5! 26” is 4’ 38”. 

: Then 20! 39”: 4/ 38”: : 360° : 80°: 463’, the diff. of long. eaft of Lone 
on $ ° 

Becaufe the obferved declination was greater than that at London. 

_ Had it been lefs, the difference of longitude would have been weftward. 

Here a fmall error in the declination computed, will make a very con- 
fiderable error in the difference of longitude; and the method is only in- 
ferted as a caution to beginners. | 


93: Mernop VI. By the Moon's culminating. 
Seek in the Ephemeris for the time of her coming te the meridian on 
the given day, and on the day following, and take their difference; alfo 


' take the difference between the times of culminating on the fame day, as 


found in the Ephemeris, and as obferved ; and fay, 

As the daily difference in the Ephemeris 1s to the difference between the Ephe- 
merits and obfervation ; fo 1s 360 degrees to. the difference of longitude. 

For as the whole difference arifes inaday, or by the running through 
360°: of courfe any part of that difference will require a proportional 
part of 360 degrees ; upon the fuppofition of the Moon’s motion being 
uniform during 24 hours, which it is not. aa 


Exam. Suppofe at fea, the Moon’s center was obferved to pafs the meri« 
dian on a certain known day at §7 minutes after one in the morning: Required 
the longitude of that place. : 


In the Ephemeris I find the Moon’s center pafles the meridian of Lene 
don on that day at th. 47m. and the next day at 2h. 31m. the diff. is 
44m. and the time obferved is rom. later than at London. 

Then, as 44m. : 10m. : : 360°: 81° 49’.. Which fhews that the place 
is 81° 49/ to the weft of the meridian of London. | 

Here alfo a fmall error in the time of the Moon’s culminating, will 

oduce a great error in the difference of longitude; and this is men- 
tioned on the fame account as the former method was. 


94. Mernuop VII. By the eclipfes of Fupiter’s fatellites. 


On the day preceding the evening on which it is propofed to abferve the 
eclipfe, feek the time it will happen at London, in the Nautical Almanac. 

Let the difference of longitude between London and the place of ob~ 
fervation (known by the dead reckoning at fea, or by the printed maps) 
be turned into time; and if eaftward, be added to the London time of 
the eclipfe, but fubtracted, if weftward ; and it will give the time near- 
ly when the eclipfe is to be looked for in that place. But it will be 


‘ proper to begin to obferve 20 or 30 minutes fooner ; and let the inftant 


when the eclipfe begins or ends be noted, as fhewn by a watch previoufly 
regulated to the time at the place of obfervation (58) : then the difference 
" 24 between 
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between this time and the London time, converted into degrees, will fhew 
the difference of longitude ; and if the London time be lefs than the obe 
ferved time, the diff. of longitude is eaft; otherwife it is weft. 

95. The beginning of thefe eclipfes, called smmerfions, generally hap- 
pen on the weft fide of Jupiter; and the endings, called emerfions, to the 
eaftward of the planet; and both happen ata very {mall diftance from 
the planet, feldom exceeding its half diameter. 

The beft obfervations for finding the difference of longitude, ‘are thofe 
made on the firft fatellite, or that which moves neareft to Jupiter ; but it 
fhould be obferved, that its emerfions are not vifible from the time of 
Jupiter’s conjunction with the Sun, to the time of his oppofition ; and 
the immerffons are not vifible from the time of the planet’s oppofition to 

_ the Sun, to the time of its conjundtion. | 
Exam. Suppojfe by the Almanac fer 1774, an immerfion of: Fupiter’s firft 
fatellite is vibe os London on oe sae at 13h. oe if ond I am, 
by my dead reckoning, in longitude 72, deg. to the weft of London; I obferved 
on the fame day the immer/fion at 8h. 40m. 45f.: Required the difference of 
longitude. , - 


The difference between 1 3h. 23m. rsf. and 8h. 40m. 45f. is 4h. 
42m. 30f. ~ ' i. 
And 4h. 42m. of. is equal to 70° 32/ for the diff. of log. weftward. 


96. The eclipfes of Jupiter’s fatellites may be well obferved by one of 
Dollond’s new achromatic telefcopes, of three feet in length, or bya re- 
flecting telefcope of about 18 or 24 inches focal length. As thefe eclipfes 
happen almoft daily, they prove the moft ready means of determining the 
longitudes of places at land, and by them the longitudes of fea-coafts may 

_ be better afcertained than they are at prefent; and whenever Jupiter is to 
be feen, they might be applied at fea, even oftener than they would be wants 
ed, could they be obferved with fufficient accuracy ina fhip under fail. 


97: Meruopn VIII. By eclipfes of the Moon. 


This is. performed much in the fame manner as by the laft method. 

For if in two or more diftant places, where an eciipfe of the Moon is 
vifible, the times of the beginning or ending are carefully obferved, as alfo 
the times when any number of digits were eclipfed ; or when the Earth’s 
fhadow begins to touch, or to leave any remarkable fpot on the Moon’s 
face; then will the difference of the times, when the obfervations of like 
kind were made, give the difference of longitude between the places of 
obfervation. But thefe eclipfes happen too feldom to derive any general 
ufe from them. ma +e 


98. Mernon IX. By an occultation of a fixed far by the Moon. 


An occultation of a fixed ftar by the Moon is, when a flar, lying in the 
Jine of the Moon’s motion, is eclipfed by that planet. 

The method of computing the difterence of longitude between London, 
and a place where the time of the occultation is obferved, is fhewn in 
Halley’s Aftronomical Tables: and the method of delineating fuch an 
occultation is fhewn in De la Caille’s Elements of Aftronomy. _ 

But the method of finding the difference of longitude by an occultation, 
is rather too intricate and tedious to become of general ufe at fea. 

99. The 
§ oe 
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*- gg. The great Dr. Halley, and after him the Abbé de la Caille, and 
others, have reckoned the beft aftronomical method for finding the longi- 
tude at fea to be, when the diitance of the Moon from the Sun, or from 
a Star is ufed: for the Moon’s daily mean motion being about 13 de- 
grees, her hourly mean motion is about half a degree, or I min. of a dee 
gree in two minutes of time ; and fo an error of ons minute of a degree 
in pofition will produce an error of two minutes in time, or half a degree 
in longitude. And if by obfervation it is determined what part of her 
daily motion the Moon has run through, during the interval between a 
certain point of time under a known meridian, and the inftant of time 
when the obfervations are made on her under an unknown meridian, 
then her daily motion at that time will have to the part thereof, determin- 
ed by obfervation, the fame ratio which 24 hours have to the interval of 
time taken to defcribe that arc. 


~ roo. M. de la Caille, in the profecution of his method, directs a nume 
ber of obfervations to be made one after another, in which the interval 
of time is to be diligently noted : and obferves, that many errors will be 
apt to arife here from the inftrument, the obfervations, and the calcu- 
lations, which muft jointly affe& the longitude deduced ; fo that the moft 
experienced artift ought not, in general, to expect on a fingle fet of ob- 
fervations to find his longitude nearer than to two or three degrees of the 
truth. He therefore propofes, that each fet of obfervations fhould be 

~ taken by two or more obfervers at the fame time; by which, from a mean 
"taken between them, the longitude may probably be found within a de- 
gree and a half; although it may happen, that by an extraordinary degree 
of diligence and fkill, and by a lucky compenfation of errors, a refult_ 
within a degree of the truth may be obtained. But the Rev. Dr. Maf. 
kelyne, the Aftronomer Royal, who has had great experience in this mat- 
ter, recommends the fet of obfervations to be divided among different 
perfons, each obferving at the fame time his refpective part, and the 
computations to be made, either from a good Ephemeris, or from the 
beft Lunar tables, in which cafe the refule may in general determine the 
longitude at fea within a degree of the truth. 


101. Since Sir Ifgac Newton’s difcovery of the true caufe of the in- 
equalities in the Moon’s motion, which had from the earlieft times per- 
‘plexed aftronomers, attempts have been made to form jufter tables of her 
motion than before were poffible to be effected ; and here the late profeffor 
Mayer of Gottengen has fucceeded fo well, and his tables come fo near 
the truth in every part of the Moon’s orbit, that they may be confided in - 
for determining the longitude df a fhip at fea, whenever the Moon is to 
be feen, within a degree at moft ; which has been proved by a comparifon 
of the Tables with the obfervations made at Greenwich obfervatory by 
the late Dr. Bradley, and by the prefent Aftronomer Royal. 
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Preparatives for finding the longitude by an obferved diftance of the 
Moon from the Sun or & Stare : 


‘z02. Firft. To obferve the angular diftance between the Moen and any 
” geleftial objed?. | 


aed 


J. Between the Meon and the Sun. 


< Turn down one of the fcreens, and hold the Hadley’s quadrant fo, that 
its plane fhall pafs through the Sun and Moon: look at the Moon through 
the tranfparent part of the horizon glafs; and ach a Nae there, gently 
move the index till the Sun’s image is brought into t 

that glafs: bring the neareft limbs of both objeG&s into contact, and let 
the quadrant librate a little on the lunar ray, by which means the Sun will 
appear to rife and fall by the fide of the Moon; and inthis motion the 
neareft limbs are to be made to touch one another exactly by moving the 
index ; when this is effected, the obfervation is completed, and the de- 
grees cut by the Vernier’s fcale will thew their angular diftance, © 


103 | Il. Between the Moon ea a Star. 


‘Jf the Moon js very bright, turn down the lighteft {creen, and dire& 
the plane of the quadrant through both objects: look at the ftar, as in a 
fore obfervation, through the clear part of the horizon glafs: keep it 
there, and, by moving the index, bring the Moon’s image into the fil- 
vered part of the fame glafs; let the quadrant sentig-libeate about the 
ftar’s ray, and the Moon will appear to rife and fall by the ftar; between 
- the librations move the index till the Moon’s enlightened limb is touched 
by the middle of the ftar, as by a tangent, and the obfervation is made. 


REMARKS. 


104. The enlightened limb of the Moon is always to be brought inte 
contact with the Sun or ftar, even thodgh the Moon’s image is made to 
-pafs beyond the Sun or ftar, before the defired contact can be obtained. 

Between the new and full Moons the enlightened limb is turned to- 
ward the weft: and during the time from the full to the new Moon, the 
enlightened limb is turned to the eaft. 

he obferved diftance of the neareft limbs of the objeéts, is to be in- 

creafed by the fum of their femi-diameters ; but when the contact is ob- 
‘ferved of their fartheft limbs, by bringing one over the other, then the 
obferved diftance is to be leflened by the fum of their femi-diameters. 

‘The ftars have no apparent femi-diameters ; but that of the Sun and 
‘Moon will be found in the Nautical Almanac for any given month and 
day. | . 

nae When the face of the quadrant is held upward, the motion of 
the index forward brings the right-hand object, by reflection, into contact 
with the left-hand one feen directly ; and when its face is held down- 
ward, the like motion of the index brings the left-hand object, by re- 
fiection, into contact with the right-hand one feen directly. 

Therefore in north lat. the quadrant is to be ufed with its face up- 
ward, when the object to be feen by reflection is to the right-hand, 


: or - 


e filvered part of - 
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or weftward of that feen dire@tly. But when the obje@ to be feen di- 
rectly lies to the weftward of that to be feen by reflection, the quadrant is 
to be ufed with its face downward, a _ 


106. A readinefs in the ufe of the quadrant both ways, is to be obtained 
by practice only, which the learner may make familiar to himfelf by ope 
ferving the pofition of land objets ; and to attain an accuracy in obferva- 
tions let him felect 6, 8, 10, or more objeés lying around his view; and, 
beginning with any one of them, take the angular diftance of the 1ft and 
2d, the 2d and 3d, the 3d and 4th, and fo on all round, ending with the 
laft and firft ; and the fum ot all thefe angles fhouJd make 360 degrees. 

Ina Hadley’s quadrant of 15 inches radius, if the limb and the Ver 
nier’s fcale are well divided, the meafure of an arc may be read to thirds 
or quarters of a minute, with the afliftance of a magnifying glafs. 


. 107. Secondly. Lo correc the apparent angular diflance obferved between 
the Moon and any other celeflial objet? : or to reduce the diftance, obferved at 
the furface, te what it would appear if obferved from the center of the earth. 


twas fhewn in Book V. Art. 66, that the apparent place, in which the 
Joon is feen in the heavens from the furface of the earth, is generally not 
ertrye place op account of the parallax; fo that her apparent place 
fhould be corrected, as well for the error of parallax as for that of refrac- 
tion: the fame may be obferved af the Sun ; but the parallax of the {tars is 
too {mall to affet their places fenfibly, and therefore the refraction only is 
to be applied'to them. Becaufe the apparent places of celeftial obje¢ts 
want correction, their apparent diftance does alfo ftand in need of being 
correéted, ‘efpecially where the Moon is concerned ; how to do this is 
Thewn in the following precepts. | | 


ift. In the triangle formed by the abferved diftance of the objeéts and 
their zenith’ diftances, find the angles at each obje@ comprehended be- 
tween the obferved diftance and refpective vertical or azimuth circle. 


(IV. 354) 


2d. By the Almanac find the Moon’s horizontal parallax at the time 
of obfervation, reduced to the meridian of the Almanac. 


gd. Say, as radius is to the co-fine of the Moon’s altitude ; 
 §o is the horizontal parallax to the parallax in altitude. — 


4th. Say, as radius is to the co-fine of the faid angle at the Moon; _ 
' - So is the diminifhed parallax to one error in diftance. 
Which is to be fubtraGted, if the angle at the Moon is acute; otherwife 
itistobe added. © 


sth. Alfo fay, as rad. is to the cof. of the faid angle at the Sun or far; 
So is the refraGion on its zenith diftance to an error in dift. 

Which is to be added, when the angle at the Sun or ftar is acute, other © 

wife this error is to be fubtracted. 


EXAM. 


on 


e tte 
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Exam. I. Suppofe on the 6th of Auguft 1772, in a place g6 degrees to 
the weft of London, at 5b. 36m. P.M. by a watch, the diftance of the neareft 
Limbs of the Sun and Moon fhould be obferved to be 68° 10/ 24”, at the time 
the altitude of the Sun’s lower limb is 31° 44! 12/, and the altitude of the 
Moon's lower limb is 23° 44! 12”, the height of the eye above the water be- 
ing allowed for: Required what would be the true diftance of the centers of 
the Sun and Moon. 


By the Almanac, the femi-diameters of the Sun and Moon at that 
time will be found to be each of 15’ 48”. Hence the apparent altitude 
of the Sun’s center is 32°, of the Moon’s center is 24°, and the apparent 
diftance of the centers is 68° 42’. | 


Alfo 96° W. is 6h. 24m. to which sh. 36m. being added, give 12h. | 


P.M. at London; and the Moon’s horizontal parallax at the given Lon- 
don time is 58’ 39” = 58,65. | . 


Given the Sun’s zenith diftance 58° 
oi the Moon’s zenith diftance 66 
the diftance of their centers 68 42’. 


' Required L. of pofition at the p. |Required the £ of pofition at the Q. 


68° 42! | Working by Art. 154. B. 1V.}68° 42’ | Working by Art. 154. B. IV. 
66 o L's, 468° 42’ 0,03073/58 0 L‘s, 68° 42’ 0,03073 
us, 66 0 0,03927/60 o u's,58 Q 0,07158 
LS, 30 21 9:70353|10 42 Ls, 38 21 9.79272 
60 42 |30°21'Ls, 27 39 966658170 42 [35°%21'2s, 27 39 9,66658 











19:44011|55 18 (27 39 19;56161 
Ss 33 39% 9272005 | Ss, 37, 8 ~ 9,78080 


2. atthe moon = 63 19 4 at the Sun = 74 16 
As Rad. 10,00000 
ss an 3 65’ 27680) 
Dedudtrefiadtin 5255 17°9° 


Error in alt. 51,28 ~ 2 
As Rad. 10,00000] As Rad. . 10,00000 
Tos £ at D 63°19’ =. 9,65230/Tos, 2 at © 74°16 943323 
So error in alt. 51, 28 —_1,70995)So error in refr. 1,8 § 0,25527 
To error indift. 23, 03 1,36225}To error in dift. 0,488 1,68850 
Which is fubtraétive. .|Which is to be added. 


Now 23,03—0,488==22,5 422" 32” Subtraétive. 
_ Then 68° 42——o° 22’ 32”=68° 19° 28’. Which is the true diftance of the 
centers of the Sun and Moon at the time of obfervation, as would be {een at 
the Earth’s center. 3 


EXxAM. 
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Exam. IT. Suppofe in the year 1762, in latitude 32° 12! N. and longi- 
tude 38° 30' W. of Greenwich by account m May oth, at 12h. 34m. 10f. the 
apparent diftance of the frar Spica Virginis from the Moon’s center was ob 
Served to be 51° 28 35”, and at i as time, the apparent altitude of Re- 
gulus was 24° 48', and that of the Moon's center was 12° 30': Required the 
true diftanse of the far from the Moon’s center. 


- THe Work, 


























51° 20% ©,10656 51° 29° | 0,10656 
65 12 0,04202 | 77. 30 . 0,01042 
130 43 ; 26 1 | 
3 Z 65 12 

Qt 131 45° 362" 9,85 404 91 13] 45° 362’ 985404 
63 4713" 53% 9572289 39 IN} 19 35%. 952545. 
19572551 | 1949047 - 
46° 48! 5, 9,86275 34° 32 9.74823 
4193 37, 8.79990] # 12°30° 9.98958] 5,68 7 9457138. 
123” | 2,08990 56525 1,75012] 50572 1,70518 
7:75 0,88980 54:92 1573970] 18°54” 1,27656 

- 20 o 72 

19 o12 


: | 0,72 - 
- : App. dift. 51 28 35 


True dift. 51 9 33 

The precepts by which thefe examples are worked are derived from 
principles fhewn in the Appendix ; but the operations may be fomewhat 
fhortened, thus: —— 

In a triangle with the three fides, wiz. the two apparent zenith dif- 
tances, and the apparent diftance of the centers, find the difference of 
azimuth. 

With this difference of azimuth, and the corrected zenith diftances, 
find the true diftance of the centers. . 

This work may be done very compendioufly by the following precepts, 
from Book IV. Art. 253, 255. 

108. A compendium for finding the true diftance between the Moon and Sun, 
or Star, from their obferved altitudes and diftance. 
PRECEPTS. 

1ft. To the Arith. Comp. of the log. fine of half the apparent diftance, 
add the log. fine of half the diff. of the apparent altitudes ; the fum 
is the log. fine of a firft arc. — 

2d. To the log. fine of half the apparent diftance, add the log. co-fine 
of the firft arc, reject radius, and the fum is the log. fine of a fe- 

. cond are. | 
3d. Add together twice the log. fine of the fecond arc, and the Arith. 
Complements of the log. co-fines of the two apparent altitudes, 
their {ym is the log. of a third arc. 


4th, 
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4th. To the log. of the third arc, add the log. co-fines of the corre 
altitudes, the fum is the log. of a fourth arc. | 
From half the log. of the 4th arc, take the log. fine of half the 
diff. of the corrected altitudes, there remains the log. tangent of 
a Sth arc. 
6th. From half the log. of the 4th arc, take the log. fine of the sth 
arc, and there remains the log. fine of half the true diftance. 
Thefe precepts being expreffed in the following fhort way, may afi 
the memory, and render the operation more eafy. 
aft.v',s, fap. dift. +L,5)% diff. ap. alts. cus, rf. are. 
ad. 1,5, % ap. dift. 41,5, ft. arc =L,s, 2d. arc. 
gd. 21,5, 2d.arc + Ls, one ap. alt.+L)s, oth. ap. alt. =L, 3d. are. 
‘gth.n,jd.arc | + L,s,onecor. alt. +1,5, o0th.cor. alt. =L,  4th.arc. 
gth.gL, 4th arc —=L,5, 7 diff. cor. alts. =L,f, 5th.arc. 
6th. 41, 4th arc —L,5, 5th arc =1,s, % cor. diff. 
Applying thefe precepts to the preceding examples, the work will ftand 
ih the following order. 


Exam. I. (See page 298) Here are given the apparent alti the 
cinters, viz. of the Sue 32°; of the Moon 24°; se their jist dif- 
tance 69° 42/3 and the Moon’s horizontal parallax 58' 39/: Required the 
srue diftance. : . | | 
Dift.==68° 42’; its t=34%21! Alt. © 232° 0’ o”Alt. ) ==24 0% 0” 
Ap. alt. © ==32° Refr. — = 131 Ref.—-= 2% 7° 
Ap. alt. D =24 Cor.alt. @ ==31 68 29 Alt. cor—=23 §7 53. 
| Difh = 85% saa Cor.alt. D'==24 51 32 Paral.t—= 53 39t 

iff. cor. alts. == 7 6 57 Cor.alt. D 24 51 32 
1 Diff. cor. alts. == 3 33 28 


ts EA. «34 21 024893] 9.75147 Los, F dift. 
Lys, Adiff.ap.alts= 4 © 8.84358 : 
Lofy 1ft. arc. 9209211} 9,99666 1,s*, 1ft. arc. 


9:74813 Ls, 2d. arc. 
974813 L,s, 2d. are. 
0,07158 us, © alt. 32° 
0.03927 Uys, ) alt. 24° 
19,60711 L, 3d. are. 
9.92854 Ls, © cor. alt. 31° 582’ 
9.95778 1,5, D cor. alt, 24° gun's - 
. 39.49343 L» 4th. arc. 
2 1,s, 4th. arc. 19,74674119,.74071zb> 4th. arc. 


8.70277 L,s,tdiff. cor. alts. 3° 33’ 28” 
Lf, 5th. arc. 9:997$3 10,95394 Lyf, sth. arc. 
1,9; t cor. dift.=34° 9/44’ 9.74938 
True dif. =68 19 28 oY 


_© The refractions are taken from table, art. 55. 

_+ The parallax is taken from table, art. 56. : 
But the parallax in alt. may readily be found by the Gunter’s fcale, thus : 
‘The extent, on the fines, from rad. to the co-fine of the alt. . 
Will reach on the numbers from the hor. par. to the paral. m alt. E ° 

xAM. 








Se 
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_ Exam. IL. Given the obferved diftance of the Moon from the Sun 85°; 

the Sun’s.alt. 5° 0’; the Moon’s alt. 30°°0’; and ber horizontal parallax 4 

_ 60° of : Required the true diftance. , 
Now rad. : s*, 30° :: 60°: 51’ 58”==par. in alt. by Ganter’s Scale. 

Dif. = 85° 05 its i==42* 30°. TQ 5° of oo” PY. 30° of oF 








d's alt. == 30° 00 ™ 9 54- = 1 38 
©’salt== 5§ 00 | 4 50 06 29 58 22 
a, 30 50 20 “+ si 58 
Diff. = 25 00 . , 260 14 30 50 20 
L dif. == 12 30! ap. alts. | 13 00 74 diff. true Alts. 
bs, 42 30 037032 982968 Ls, 42 30 
L's, 12 30 0533534 ae 
LYs, ft. are 9150566} 9297648 Ls’, rf. arc 


980016 ws, 2d. are. ° 
9,80616 15, 2d. are 
pba L's, 30° of 
0,00166 Ls, 5 Oo 
19,67645 1, 3d. arc 
9199845 Lsfs 4° 50° 
9:93380 Ls’, 30 So 
39,60870 L, 4th. are 





S1, 4th. are 39,80435 |19,80435 =, 4th. arc 
9.35215 Lys, 13° of 
. 2s, 5th. arc 9:97450|10:45220 Lf, Sth. are, 
4Dift. 42° 31' 15/ 9,82985 


85 2 30 the true dift. 


Exam. III. Suppofe the apparent dift. of the Moon and a Star was §1° 28/ 
35”; the Star’s altitude 24° 48’; the Moon’s altitude 12° 30’, and her bee 
rizontal parallax 56'15” : Required the true. diftance. 

Dif. 1? 29’ 3573 its 4==25° 44 175" % 24° 48” o” D,) 12° 30° o” 
Ap. alt. % 24° 48’ _ 2 3 — 4 12 
D 12 30 3 24° 45° «457 Iz 25 48 
Diff. = 12 18 13 20 48 + 55 oO 
4 diff. == 6 og ap. alts. : 1250 9 3 20 48 
| § 42 345-21 diff. true alts, 
i 25° 44/17" ©,36226| 9:63774 Los, 25° 44° F787 
Ly5s 9 9102992 " 
5s, ift. are. 9539218| 998636 ts, rift. are 7 
962410 L,s, 2d. are 
9,62410 L,s, 2d. arc 
0,04202 Ls, 24° 48’ 
O,01042 L's,, 12 30 
1930064 1,5, 3d. are 
9:95810 Lys, 24° 46’ 
Z 9198810 Ly 13 22 
39,24684 L, 4th. arc 
19,62342 IL, 4th. are 
8.99775 Lids 5° 42° 34” 
10,62567 L,f, 5th. are 





31,5, 4th. arc. 19,623.42 
1,5, §th. arc 9,98816 


z Dif. 25° 34° 50” 9.63526 
Dif’ 51 9 40 
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Exam. IV. Let the apparent diftance of the Moen and a Star be 102° 30’ 
the Star’s alt. 15° 25'; the Moon’s alt. 27° 30°; and ber bor. par. §7/ 3: 
Required the true diflance. 


Dift. 102° 30°; its $==519 15°. * 15° 25° oO PD 27°30 0” 
Ap. alt. %K 15° 25° —_ 3 25 — 1 49 
__D 27 30 15 21 35 27 28 uw: 
Dif. 12 28 18 47 + 50 36 
2 diff. 2% ap. alts. 32 37 «12 28 18 47 
; 6 28 36==! diff, true alts. 
Lys, §1° 15° 010707} 9,89203 Ls, 51° 15° 
L,S, 6 25 9:02223 
Bs, If. arc -Gs1 3020] 9.99601 L,s*, if. 


9,88804 Ls, 2d. arc 

9,88804 Ls, 2d. arc — 

O,OISOE Ly 15° 25° 

0,05207 L's; 27 30 

19,84406 t, 3d. arc e 
‘ 9:94466 L,s, 28° 182/ 

9.98420 Lyf, 15 214 


29,77292 Ly 4th. arc 





31. ath. 19,886.46] 19288646 = L, 4th. arc 
al, 4UL arc 9 ) 4 ase ari + 282" 
L535, sth. arc > 9.99539 10,83423 Ly5f, sth. arc. 
$Dift. 53° 5° 36” ~ 9189107 


Dift. Toz 11 12 

109. But of all the methods which have yet been thought of for reducing 
the apparent diftance of the Moon from the Sun ora ftar to the true, the fol- 
lowing one, derived from that invented by Mr. Wetcbell, late head matter of 
the Royal Academy at Portfmouth, and printed in the Nautical Almanac 
for 1772, is perhaps beft adapted to the difpcfition and capacities of feamen 
in general ; as it is very fhort, requires the logarithms only to four places 
of figures befides the index, which may always be taken out at fight with- 

out making any proportions, and yet the refult will be fufficiently exact. 


PRECEPTS., 


1ft. From the Sun's refraction (55) take his parallax in altitude (V. 319.) » 


and the remainder will be the correction of the Sun’s altitude. ‘The cor- 
rection of a ftar’s altitude is its refraction. 

ad. ‘Take the proportional logarithm of the Moon’s horizontal parallax 
out of the Nautical Almanac, increafe its index by Ic, and fubtract the log. 
co-fine of the )’s apparent altitude from the fum: the remainder will be the 
proportional log. of her parallax in altitude ; from which take the Moon’s 
refraction (55), and there will remain the corre€tion of her altitude. 

34. Add the Sun’s apparent altitude to the Moon’s, and take half the 
fum : fubtra&t the lefs from the greater, and take half the difference. 
Add together the co-tangent of the half f{um, the tangent of the half dif- 
ference, and the co-tangent of half the obferved diftance : the fum, reject- 
ing 20 from the index, is the log. tangent of an arc a. 

4th, When the Sun’s altitude is greater than the Mvon’s, take the dif- 
ference between a and half the apparent diftance ; but if the Moon’s al- 
titude be greateft, take their fum ; and to the co-tangent of this fum 
or difference, add the co-tangent of the Sun’s apparent altitude, and the 

7 | proportional 


~ ee 
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proportional log: of the correction of the fun’s altitude; their f{um, when 
20 is rejected fron the index, is the proportional log. of the firft correc- 
tion of the apparent diftance. 

sth. If the diff. of arch a, and half the apparent diftance was taken in 
the preceding article, take now their fum; but if their fum was then 
taken, take now their difference, and to the Jog, co-tangent of this fum or 
difference, add the log. co-tangent of the moon’s apparent altitude, and the 
| Proportional log. of the cerreétion of the moon’s altitude: the fum, reject- 
ing 20 from the index, is the proportional log. of the fecond correction. 

6th. If the arch a be lefs than half the apparent diftance, the firit cor- 
rection muft always be, added to, and the fecond fubtracted from, the ap- 
Parent diftance. But when the arch a is greater than half the apparent 
diftance, both the firft and fecond corre<tions mult be added, if the fun’s 
altitude be lefs than'the moon’s; but if the moon’s be leaft, both muft be 
fubtracted, to give the correSted diftance of the fuA and moon. 
_ 7th. Add together the proportional loz, of the fum and difference of 
the correction of the moon’s altitude, and the fecond correction of the 
obferved diftance, the log. tangent of the corrected diftance, and the con- 
ftant log. 1,5820: the fum, rejecting 10 from the index, is the propor- 
‘tional logarithm of the third correction; to be added to the correéted 
diftance when it is lefs than 93°, but fubtracted when it is above, and this 
gives the true diftance required. 


Exam. I. (See page 300 and 302.) Given the apparent altitude of the 
Sun's center 32°, that of the Moon’s center 24°, and the apparent diftance of 
their centers 68° 42/, when the Moon's horizontal parallax was 58’ 30s 
Required the true diftance. 


The refr. on the fun’s alt. 1’ 31” | The )’s hor. paral. 53’ 39” P. L. 10,4870 





The fun’s paral. in alt. 0 8 | Mcon’s app. alt. 24° 00’ cof. 9.9607 

Corre‘t. of the fun’s alt. “123 | Moon’s.par. in alt. 53 35° P.L. 0,,263 
‘Sun’s app. alt. 32° od! Refraction 2 7 

Moon’s app. alt. 24 00 Corre&t: )’s alt. 51 28 

Sum 50 co halt is 28° oO co-tang. 10,2743 

Difference 8 09 half is 4 00 tang. 8,8446 

App. diftance . 68 42 068. half is 34 21 Co-tang.. | 10,1053 

Firft correction + 22 Arca 10 53 tang. Q,2842 

Second correétion — 23 6 Diff. 23 28 co-tang. 10,3024 

Corretted dift. 68 19 16% Sun’salt. 32 00. co-tang. 10,2042 

Third correétion + 74 Corr. @’salt. 1/ 23” P.L.-  2,1143 

True diftance 68 19 24 Firftcorret. 6 22% PLL. 26809 

ss "Sum “45° 14’ co-tang. 9.9995 

Moon’salt. 24 00 co-tang. 10,3514 

Corr. p’salt. 51% 28” P.L. 0.54.37 

Second corr. 23 6 P.L. 0,8916 

Sum era! 34” PLL. 0,3827 

Difference 28 22 P.L. 0,8024 

Correéted dift. 68° 19/ tang. 10,4005 

Confant logarithm é 1.5820 

Third corr. 0-7" P. Lo 301079 

Vor. II, EXAM. 


Aa 


306 DAYS WORKS. Book IX. 


Exam. If. (See 301 and 303) Let the apparent diftance of the Macon — 


and a Star be 51° 28! 35’, the Star’s altitude 24° 48’, the Moon's altitude 12° 
30’, and her horizontal parallax SO 15’: What is their true aiflance? 

The refraét. on the #°s alt. is 2 37) )’s hor. paral. 56’ 15” P. L. i0,5068 

D’sapp. alt. 12° 30° 4s 99896 

| p’s par.in alt. 54° 55° 8. L. 0'5155 

App. alt. D 12° 30° p’s refraction 4 12 


App. alt. * 24 48 [Corr. p’s alt. 50 43 
Sum 37. (18 half is 18° 39° # 10,4737 
Difference 12 «18 half is 6 9 ¢ 9.0324 
Objferved dif, 51 28 35” halfis 25 44 & 10,3170 
Firft correction — 3 Arch a - 33 31 ¢ 9.8211 
2d correction — 18 54 Difference 7 47 (Ot 10,8643 
Corretted dit. 1 9 33  Star’salt. 24 48 # 10,3353 
gicorredtion + 15 %’s refract. 2° 3” P.L. 11,9435 
True diftance “51 9 48 rit correction o 8 P.L 351435 
Sum 59° 15° 997745 
Note. The true diftance, D’s alt. 12,30 10,6542 


computed with the atmoft ex- Corr. p’salt. 50° 43” P.L. 05508 
actnefs by fpherical trigono- 2@dcorrettion 18 54 P.L. 0.9788 





metry, is 53° 9° 54”. Sum 69 37. P.L. 0.4126 
Difference 31 49 P.L.-  0,7526 
Corrected diff. 51° 10’ ¢ 10,0941 
Conftant logarithm 1,5820 


3d correction of 15” P. L. ~ 2,8413 


_ Exam. IIL. Let the apparent diftance of the Moon and Sun be 102° 30", 
the Sun's alt. 15° 25', the Moon's 27° 30’, and her horizontal parallax 57! 
03: Required the true diftance. 

Refraction ‘on the fun’s alt. 3° 25” 


D’s hor. paral. 57’ 03” P. L. 10.4990 
Parallax in alt. (W. 319) 8 


D’s-app. alt. 27°30 5, —9,9479 











Correétion of the fun’s alt. 3. 17 | )’s paralk. in alt. 50’ 30” P.L. o,ssat 
App. alt. D 27° 30 i p’srefraction 1 49 
App. alt. @ 1525 Corre@. )’s alt. 48 47 
Sum 42 55 The half is . a 278 10,4067 - 
Difference 12 5 The half 1s 6 2 f¢ 9:024@ 
‘Obferved diff. 102 30 The half is sioig) 9 9045 
Firft correStion + |! 49 Thearcha 12 I ¢ 913342 
ad correction =o == 20° 237 = The fum 63 26 _ 9,0990 
‘Correéted dif, 102 11 12° The fun’s alt. 1s 25 £ ‘10,5595 
3d correction == = - _4 Corre&t. @’s alt. 37 17” + P.L. 1,7389 
True diftance 102 12 8 1 correétion 1 49 «#P.L. 1,9974 
The difference 39° 4’ «ff ~—«k0,0906 
The p’s alt. 27,300 Co 10,2835 
Corre&t. ’s alt. 48° 47” P.L. 0,5670 
id ad corretion 20 37 P.L. 0o,94ur 
® Sun 69 24 P. L.” 0.4139 
| Difference 28 10 FP.L. @8o50 
Correéted diff. 102° 12" ¢ 10,6657 
Conftant logarithm 15820 
gd correction o 4”) PLL. 334671 


SECONDLY. 
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SECONDLY. 


110. To find the time at which two propofed celeftial objects may be feen 
at a given diftance; if ghferved from the center of the Earth under the meri 
wian for which an Eplmeris is calculated. | 


In the Nautical Almanac there are, ready computed, the diftances of 
the enlightened limb of the moon from the fun, or from certain fixed 
ftars every day, at the hours 3, 6, 9, 12, 15, 18, 23, and at noon. 

Therefore feek in that Almanac amongft the computed diftances of the 
propofed objects on the day given for the given diftance, which if found 
thére, the time is there alfo. ae a. 

But if the given diftance falls between two computed ones, A, B, (as it 
generally will) the correfponding time is to be found by proportional parts : 


Saying, 4s the difference of the computed difiances A, B, 
Is to the difference between a and the given diftance ; 
So are three hours of time, | 
To the proportional time to be added to that of the diftance a. 


> Exam. At what time on the 21 of Fuly, 1773, will the diflance between 
the Virgin’s fpike and the Moon’s enlightened limb, be equal to 54° 563’, as 
feen from the center of the Earth under the meridian of Greenwich ? 


On the 21ft of July the given diftance falls between the computed. 
diftances at gh. and at midnight, viz. between A=55° 31’ 30”, and B= 
§3° 51’ 53’; fo that the time is between gh. and 12h. P. M. 

The ditference between a and B is 1° 39’ 37=5977”, and the differ- 
ence between A and 54° 56%” is 0° 35/ 15” = 2115". 

Then 5977” : 21157: : gh. : th. 3m. sof. 

And gh.+ 1h. 3m. 59f,=10h. 3m. 5of. the time required. 


111. To find the longitude from obfervations made on the altitudes of the 
Moon and Sun, or Star, and of thetr diftance. 


PRECEPTS. 


rft. Let the watch be adjufted to true time, or its error found, a -few 
hours before or after the time of obfervation. . (58) 
2d. Let three perfons, each having a. good Hadley’s quadrant, make ob- 
fervations one taking the apparent angular diftance of the moon 
from the fun or ftar; anotber.taking she altitude of the moon; and the 
‘third, taking the altitude of the fun or ftar. Thefe obfervations are to 
be made at one and the fame time, which another perfon is to note by 
the watch. | (44. 102) 
gd. Let the obferved altitudes be corrected for the centers of the objeéts, 
and then the diftance be corrected by parallax, &c. to have the true 
diftance of the centers. | | (108. 109) 
4th. Find the time at reenwich, when this true diftance happened. (110) 
sth. The difference between the Greenwich time and the fhip’s time, is the 
Uifference of longitude. 
: Aaa2 . -° The 


: 


Ct 


308 DAYS WORKS. Book IX. 


REMARKS. 


The beft times of the day for taking the diftance cas the moon and 
fun, is from about half an heuy after fun-rife to about ten o’clock in 
the forenoon; and in the afternocn nearly from two o’clock to half 

_ ao hour of fun-fet; becaufe the apparent time may then be derived 
from the altitudes of the fun taken with the diftance, in which cafe the 
watch is not neceffary. If a watch be ufed, the altitudes for regu- 
Jating it may be taken during any part of thefe intervals, and the 
diftance, &e. at any time whatfoever, from half an hour after fun 
rifing, to half an hour tefcre it fets. . 

Thefe cbfervations may be taken during the four days preceding the 
moon’s firft quarter, and the four days following the Jaft quarter ; 
whieh make eight days in each lunation, or about a fourth part of the 
time betwecn new moon and new mocn, with a quadrant ; but with 
a fextant for the four days prececing, and the four days following the 

~quadratures alfo; that it, 1§ or 16 days in each Junition. 

The be% time for making obfervations between the moon and ftar, i8 
during the evening or morning twilight; or when the fea horizon can 
be teen diftinét enough to take an alutuce fuficiently accurate ; and 
when the moon has between §* and 1§° of aliitude, or not exceeding 
20° ; althourh any altitude may be ufed with a diftinct horizon. 


Choofe a kncwn ftar to the eattward or weflward of the moon, lying - 


nearby in the line of the moon’s path ; that is, in a right line conceived 
to pafs through the moon's center perpendicular to the right line 
joining her cufps, or horns : but between the full moon and her qua- 
draturcs the direction of her fhorieft diameter points out her path. 

The diftance of the flar from the meridian fhould be two hours at 
Jeaft, but a greater dfftance is better, if the apparent time be deduced 
from it; buc if a watch be ufed, and the apparent time be deduced 
from other altitudes, this is not material; and the ftar’s altitude fhould 
not be Icfs than § dearces. 

If two, tkree, or more fets of obfervations be made, as near to each 
other as poffible, and the means of the times by the watch, of the 
diftances, and of the refpective altitudes, be taken, thefe means may be 
efteemed a fet of obfervations more to be depended on than any fingle 
fet: or the longitudes may be:computed.to each fety.and the meais of 


the refults be taken for. the. trae fongitude? - : 
‘ ea de AO as IS ye ‘ : ? 
4 Ve 
P = é ~ Ba Aa ox ae “ By II, ae S005 
~ t . ae, “8 Paar hoy ane a 43 fe ] : é pat : 
tat ’ a 
BD las EE nc SE ah 
: ee ee 
ow * a 
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Exam. I.- Being by account in latitude 40°N. and lonzitude 2°. of 
Greenwich, on the 24th y Fuly, 17723 the watch being well regulated te 
apparent time, and the Eladley quadrants well adjufted, the diftance between 
the neareft limbs of the Sun and Moon, and the altitudes of their lower limbs 
were obferved as follows, the height of the eye being allowed for: Required 
the foip’s true longitude. 

Time 2th.24m. Sun’s alt. 48° 41’, Mqon’s al-, 8°10’ Dift. 60° 434’ 


21 26 48 59 8 40. 60 41t 
_ Means 21 25 48 50 | 825 | 60 44 


Now Sh. time 210. 25m. P.M.-+ rh. 52m.W.=423h. 17m. P.M. at Greenw.(57) 
At this time by almanac, the fun’s 3 diam. = 15/ 48” } S 1! o2/ 
Moon’s 3 diayn. = 15 14 4m 3 
_ ‘Herhor. parallax = §5 54 
Then 60° 447+ 31/ 02 = 61°15 02” the apparent diftance. 
And 48 50 +15 48 = 49 5 48 the alt. of fun’s center. 
And 8 25 +15 14 = 8 40 14 thea't. of moon’s center. , 
Alfo rad. : § 8° 3}: 3°§5/ 54”: §5/ 10” the par. in alt. by the Gunter. © 





Now dift. 61° 15’ 2 its§=30° 397’ 311] 3) alt. 49° 5/48” p alt. 8° 40° 14’ 
@ ap.alt.49 5 48 Ref,— 49 — 641 
2 ppm: 8 40.4 {2 49 4 49 8 34 13 
Diff. 4O 12 34 TD 929 23 Par. + 55 10 
= Diff. 20 12 47 of app. alts. _ | Diff. 39 35 35 9 29 23 
19 47 48—! diff. true alts. 
L'sty 30° 37°31” 0,29 292 9170708 Lys, 30° 37° 31” 
Ls, 20 12 47 9553846 | 
Lys, rf. arc 9583138. 9.86619 L,s, 1ft. arc 
| 9957327 Ls, 2d, are 
957327 Lys, 2d. arc 
0,18389 Liss 49°, 5" 48” 
0,0049) Ls, 8 49 14 
19533542 L,°3d. arc 
9281621 Lysis 49° 4! 59” 
999401 Lys 9 29 23 
39.14564 1, 4th, arc 
"11,8, 4th arc |. -19,57282)19.57282 tL 4th. arc. 
| 9352979 bys, 19° 47° 48” 
Ls, sth arc 9,86993; 19,04303 Lt, sth. 
5 Dift. 30 18 970289 


60 36 the true diltance. 
Again, by the Nautical Almanac 1772. | 
The dift, at rh. is 61°37" 35’. And 61° 377 35". (109) 


24th. is 60 11 37 =B. E0° 36 oat fhip. 


125 §8 85’ 58” =t ot 35 61" 357 
Now (I. 40) 85’ 58°= 85,9063 and 61’ 35”=61,5833. 
Then (I. 46) As 85,96 : 61,583 :: 3h.: zh. 8m. 56f. time above a. 
4 -~- aii 21 








| time A. 
Greenwich time ~ __ 23 08 56 

Ship’s time oe 21 25 oO 

Trug diff. longitude § 43 56 

By account dif. long. 1 52 ? 


| Error 8 qzas2° 1’. 
Aa 3 EXAM. 





= 
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Exam. II. Suppofe in 1773, Nov. 6th, at 14h. 15m. 14f. apparent 
time; being by account in lat, 48° 19'S. long 116° 15' E. the obferved dif- 
tance between Aldebaran aud the prey baby i limb fbould be §8° 30'% ; 
the Star’s alt. 25° 10’; the alt. of the Moon's lower limb'8° 2/ 50”: Re- 
quired the fhip’s true longitude. 


Now Sh. time 1gh.1gm.14£P.M.—7h. 45m. £==6h. 30m. 14f. at Greenw. (57) 
At this time p’s femi-diam.—=15’ 10”; and hor. parallax 55’ 40” by Alman. 
And 58° 30! 15/—15/ 10 = 58° 15/ 5” the apparent diftance. 
And 8 2 50 +15 10 = 8 18 theap. alt, of D’s center. 


Then dift. 58° 15’ 5”; its $==29° 7 32", % 25° 10° o > 8°18 007% 

e's alt. == 25 10 omer 2 1 — 617 

>’sak.== 8 18 25 7 59 8 11 43 

Diff. = 16 52 9 6 $3 “55. 
_ £dif. = 8 26 w6o1160  - 9 6 43 
: 8 o 38! diff. trae alts. 

Lets 29° 7" 32 0,31271| 9,68728 Lys, «9° 7° 32% 

Ls, 826 © 9,16631 : 

Ly, fir are 947903} 9.97934 Loss ift. arc 


9,66662°L,s, 2d. arc 
9,66662 Lys, 2d. arc 
0,04332 Ls, 25° 10 
0,00457 Liss 8 18 
19,38113 L, 3d. arc} 

9193480 Lys, 25° 08 
999448 Lif Q 07 
3933241 L, 4th. arc 


#v, 4th. arc 3966620] 19,66620 21, 4th arc 
| 914412 Lys, 8° 0’ 38” 
L5J> sth. arc 9.98123 10,52208 bots sth. arc. 
2 Dift. 28° 57’ 22° 9,68497| | 
——— 


57 54 44 the true diftance. 


Now here is given the thip’s time 14h. 15m, 14f. and the 

Correéted diftance between the Moon’s center and Aldebaran §7° 54°44", © 

Required the fhip’s longitude. | 

By the Nautical Almanac: The diit. at 6h. 1s § 7° 38/ 35° a 57° 38 357 4.(109) 
: 7 Thedift.atgh. 59 11 43 B57 54 44 Ship. — 

1 33 8(=93'8")16 9 
Now (I. 40) 93’ 8°==-93, 133’5 and 16’ o’==16,11. | 
Then (J. 46) As 93,133): 16,15° ; © gh. Pts 31m. 13f. time above a, 


time A. 7 
Greenwich time 6 31 13 
Ship’s time 14,15 14 
True diff. longitude , 744 1 
Diff. long. by accoant 7 45 
Errop 59’s=1 4} Eaft. 


XAM, 
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Exam. III, Suppofe on the 13th o April 1972, on board a Ship in lat. 
Se°N, and long. 50°”. of Greenwich by account, with a watch and ae - 
ments well adjufled, the following obfervations were taken g the Star Pollux 
and the Moon's neareft limb, then to the eaft of the Star, the height of the eye 
being allowed for: Required the Ship's true longitude. 

Fime gh. om. P.M; Alt. y’s lower L. 16° 45’ 075 Alt. 4 54° 503 dit. 45° 12%, 


‘ 














9 7 16 15 30 54 20 45 14 

9 14 15 45 0 53 50. 45 16 

27 21 Sum 48 45 30 Sum 163 00 Sumi35 42 
Meang 7 P.M. meanalt. ) 1615 10 x 64 20 45 14 








Now Sh. tim. gh, 7m. P. M.-+ 3h. 20om.W.=12h. 27m. Fr. M. Gr, tim, (57) 
At this time by Alman. the }’s femi-diam.—=16’ 26” 
and horiz. parallax—6o 18. 
Then 45° 14/-+ 16’ 26”=45° 30’ 26” the apparent diftance. 
And 16 15 10+16/ 26”=16° 31/ 36” the alt. of the Moon’s center, 
Alfo rad. : 5 16°} : : 60’ 18: §7’ 15” the paral. in alt. by the Gunter. 
Now diff. 45° 30° 26”; itshis 22° 45° 13” K 54°2z0° 0” Dd 16° 31’ 36". 





K's ap. alt. 54% 20° 0” Ref—_ __ 43 —___ 3 11 
d’s ap. alt. 16 31 36 % 54 19 19 16 28 2¢ 


Dif. 37°48 24 
t Diff. 18 $4 12 ap. alts. 


— -D_17 25 40 Par. + $7 15 
Diff, 39 17 25 40 
18 a 50= dit. true alts. 


Lyf, 2245130 0.41254 9:58746 Lys, 22° 45° 13” 
Lids 18 54 12 QS 1050 


9.73747 Uo, rf. arc 
9932493 Lys, 2d arc 
9:32493 Ls, 2d. arc 
023528 List, 54° 20° 
0,01832 Ls,, 16° 31’ 36” 
18,90246 4, 3d. arc 
9:76584 L's 54 19 19 
D97959 bese 17 25 40 
38,64789 L, 4th. arc 
19532394214, 4th. arc 


bot, rf. arc 992394 


} x, 4th. arc 19432394] 9:50027 Lys, 18 26 50 
9.82367 Ls, sth. arc 

LJ, §th. are 974390,” 

& Dift, 22° 20° 52” 9258004 


1 44 the true diflance. 
Again, by the Nautical Almanac 1772, April 13th. 
The 


dift. at 12h. is 44° 28’ 30°—=a and 44° 28’ 30’==a. (109) 
at ish. is 46 13 32 == 44 41 44 at Ship. 
Diff. I 45 2==105' 2” o ‘314 | 
Now (I. 40) 105° 02°==105,0335 and 13 14”=13,233' . : 
Thess (1. 46) As 105,033 : 13,233 :: 3h. : oh. 22m. 4of. time above a. 
12 time a. 
12 22 40 Greenwich time. 
7 © Ship’s time. se 
True diff. longitude 3 15 40 
By acc. diff. long. 3 : % 


Error 4 20==1° 5’ 
Aa4 112 Msruon 
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112, Metuop XI. To find the longitule ct fea by an chfervation of the 
: aiftance on'y. 


PRECEPTS. 


tft, Find the Greenwich time: to which, find ; 
The right afcenfions and declinations of the Sun and Star, 
The right afcenfion and declination of the Moon, 
And the horary angle$ between the meridians of the fhip, 
Moon, and Sun or Star. 


2d, With the Sun or Star’s horary angle, the polar diftrnce, and the 


(57) 


fhip’s co-latitude, find the zenith diftance. (IV. 253) 
* With the Moon’s-horary angle, her polar diftance, and the fhip’s co- 
latitude, find her zenith diftance. (IV. 253) 


3d. Thefe true altitudes are to be altered by adding the refractions, and 


fubtracting parallax (in the Moon’s), to have the apparent alti- 
tudes. : | 


- 4th. With the apparent altitudes, the true altitudes, and the abferved dif- 
tance, find the true diftance. ~~ * | (108) 


sth. To this diftance find the Greenwich time. (1c9} 
| * Then the difference between this time and the fhip time is the 
' difference of longitude. oe 7 


REMARKS. 


The right afcenfion and declination of the ftars are found for the year 
1780, in Art. 312. Book V.: to which are to be applied the yearly varia- 
tions, taken as many times as years fince 1780. : 

The right afcenfions and declinations for the Sun are found (in tables 
V. 309, 310, or) in the Nautical Almanac for the noon of each day; and 
for the intermediate times by proportional parts. (V. 282, 284, 288). 

The right afcentfions and declinations of the Moon are given in the 
Nautical Almanac for every noon and midnight; the parts for interme- 
diate times may be found accurately enough by proportional parts. 

The proportional parts for right afcenfions and declinations are readily 
found, near enough, by the table, Art. 311. Book V. ‘i a 


The horary angles are found by the follewing precepts 


-The fhip time in degrecs, added to the Sun’s right afcenfion in degrees, 
gives the right alcenfion of the mid-heaven ; rejecting 360 degrees, when 
the fum is above that number. - a 
The horary angle at the Sun is equal to the fhip time. 

The horary angle at a Star is equal to the difference between the Star’s 
right afcenfion, and that of the mid-heaven. 

The horary angle at the Moon is equal to the difference between the 
Moon’s right afcenfion and that of the mid-heaven. ~ 

Note. ‘The declination of an object, applied to go degrees, gives the po- 
lar diftance of that object. ; 


EXAM. 





-— 
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Exam. I. 1772, November 15th, at 21h. P.M, fuppofe in a fip, in 

-Jatitude 30° §. and longitude hy account 7° E. of Greenwich, the diftance of the 
nearefi limbs.of the Sun and Moon was obferved to be 112° 26 10”; What 
was the true longitude of that fhip. | 

‘Ship’s time, 215 o™ P.M.—o? 28" E.==20h 32™ P. M. Greenwich time. 

Nov. 15- ©’s % diam.==16' 14"; )’s y diam. 15’ 34” hor. parallax 57° 7”. 








For the Sun’s right afcenfion. - For the Sun’ s' declination. 
Nov.1§.@r.a.==15" 25™ 223° | 18° 43°37". Sean, feral 
6. 15 29 304 diff. 4™8*| 9 68 31 diff. 14° 54 
24h: 208 32™ 2: 4m Bt: 3" 32" 24h: 20h 32°22 14 54°: 12’ 43% + 
| 1g 25m 228 Sinn 
oe Eee, 18 43 37 
©’s right afcenfion 15 28 54 | ei See 
. Or 232°13 30° |@s declination 18 56 208. 
For the )’s right afcenfon. For the )’s declination, 
Nov.rg.mid. ) ’sr.a. 118917) a: 60 49) ue > Get a 
16. noon 124 55 diff. 6° 38 14 26 diff. 1° 15 | 
y2.: 8 32-2: 6° 38°34°43+ ss fz: 8 32 3: 1% 15": 0°53" 
118 17 15 41 
[D's right afc. 123 0 )’sdeclination 14 48.N.' 
Ship’s time 315° © ==z21 hours. 
©’s right afc. 232 313 30 
547 13 30 
300 
Mid heav. 187 13 30 
D’s right afc. 123 0 


D’shorar. ang. 04 13 30 
©’shorar.angle -45 0. 




















For the Sun’s altitude. For the Moon's altitude. ~ 
Given@’s2=45°; its j—=22° 30. G. Ds Z=65°1 330"; its $= 32°645” 
47Q 22°30 2,8 4 58284 12) 32°6f 2L;35, } 9972557 
ae i“ 958284 as ; 9572557 
Pol. dif. 71 3 40" Lyf, 9,975 83 | Pol.dif. 104 48 Ls, 998535 
Co-lat. 69 © bis 993753 Co-lat. 60 0 bits 9593753 
Dif. 11 340  —°-39,07904/Dif. 44 48 i. 3937408 

| 19,53952 19153952] 19,68701 19,6870% 
¢diff, 5 3150 Lx»  38,98397 Adiff, 2224 - Lots 9.58100 

9,98380 1055555 9189609 10,10601 

21° 45° 9455572 - 38° 10/00" = 979092 

42 8t2=@’szen.diftance, | - 76 20  )’s zenith diftance. 

47 513==0’s true alatude. 1340 )’struealttude, _ 

| é | Ts 

i ‘ 
re 
A 
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To find the true diftance of the centers of the Sun and Moon. 
Now 112° 26/ 10" + '1 14” + 15’ 35°==112° 57° 58’==apparent diftance. 
Dift. 112 57 583 its + == 56° 28’ 59°. . 
@©’salt. 37 30 o}’s alt. 14°31’ 0°/© true alt. 37° 30° 
Ref. + 115 + 3 32 | D truc ale. 14 31 
Ap.alt.© 37. 31 15 14 34 32 ——— 








Ap.alt. ) 13 39 32 Par.—55 0 33 59 
Ce ed —S— a - — 
23 51 43 __ 13 39 32 x diff, true alts. 13 59 30 
11 55 $2-=q Giff. app. alts. | 
u‘s, 56 28 59 0,07298| 9,92102 Ls, 56° 28’ 59”. 
BS, 13 55 52 923154! 7 | 
a ad 
LJ, 1K are 9:39439| 9.98621 1,5, 18. arc. 
9:90723 1L,s, 2d. arc. 
990723 L5s, 2d. arc. 
0,10066 us, 37° 39 15” 
0,01246 Lys, 13 39 32 
19,92758 L, 3d. are. 
9:89947 Liss 37 30 
9.98592 Liss 34 38 
3981396 1, 4th are. 
5 by4th are. 1990648] 19 90648 I, 4th arc. 
931758 133, 11 §9 30 
2,5, 5th are. 9,98604 10,58890 uf, sth are. 
“ 56 22 9:92044 . 


312 {4 the true diftance of the Sun’s and Moon’s eenters, 
- Fo find the Longitude. 


Nov. 15. at 185 dif. 133° 51’ 27” 113° 51° 27” 
_— 23 112 21 8 312 44 Oo 
“4 30.1990 19" 7 2767! a7 


Now (I. 40) 90’ 1973390,316'; and 67’ 27’==67,45. 
And (I. 46) 90316 : 67.45 +: 3°: A 14 38 
7 ; ; | I 
‘Greenwich time for the true dif, 20 14 38 
Ship’s ame for that diftance 21 


Difference of longitude in time © 45 22 
en GEE 


In degrees, &c, - 11 20 30 E. ~ 3 
' Diff. longitude by reckening 7 9 0 
SRO) 
Error in reckoning 4 20 30 


- as EXAM. 


a = 


cere, nn tS es 4 aniiaiapeematis (5 OR 
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Exam. II. Newbies 9 1769, a Ship in latitude 24° 1° N, | de 
47° 14’ W. of Greenwich: obferved the di vd the Star Apu tobe $8 | 


35k fromthe Moon's neareft limb, at 6b. 31m a nt 
the /bip’s true longitude, 3 pparent time: Required 


Now 64 31™ 4° P, M. -f- 32 8® 56" W.=9h 40™ P.M. at Greenwich, 


- For the Sun’s right afcenfion. 
Nov. 9 © R.A. 14° 59™ 47° diff. 4™ 3° 


10 15 3 50 
Then 24:9 40 3: 43:13 38-+4 
44 59 47 


15 2g=raac® ay 
For % Aquila’s right afcenfon, | For % Aquila’s right declination, 





1764. K R.A. 194 49" a 1764. k’s declination 8° 15’ 41” 

5 years variat. + | 5 years Variation + 

1769.%'sR.A.19 39 eee 52’.[1769. %’sdeclination 8 16 23 N: 
For »’s right afcenfion. | For )’s declination. 


Nov.g.n. D ’8R.A.3489 16'9:¢- cg .v | Noy. 9.0. D ’sdecl. 0° 38’ N. 
2 midn. 2354 tas aia 9 midn. 31 diff, 2° 36/ 
Now 125: gb go: : 6915": 5° a’ [12% : 9° 40:2 2° 36’: 2°6'4 
; ee eens aol 


348 16 o 38 


p’sR.A. 353 18 )’s declination 2 44N. 
Ship’ s-time . 72 466" 31m 4! : 
Sun's right afcenfon = 21 
somata ately 
R.A. mid. heaven 92303 ~ g238 9° 
Star’s R.A. 294 52 353 18)’sR.A. 








H wel of th. meridian 28 15 30 11 )’seaf of meridian, 


To find the Star's altitude. | Ta find the Moon's altitude. 
Given h. Z 28° 15. Gwen h. Z 30° 11 
Half = 14° 7% 2ts } pero: Fpol.2=15° S$  2bys ue 
&k’s P.D. 81° 43’ 37% “bss = 9.99546) D’s P. D. 87° 22’ Ls 9199951 
Co-lat. 65 45 © ‘ts 9,95288|/Co-lat. 65 45 Les 9195988 


. 

















Diff. 15 58 37 38,73026 | Diff. 21 31 38,79055 





2S ESSE 





19136513 19,36513 19539527 19539527 
¢ Diff. 7 59% Ls 4 914292 Diff. 10 454 Ls 927106 


eS 


.. 9193333 %0,22248 990282. 10,12421 | 








15 41 943180 fe 18 OF 9.49245 
ouneeepesasieenneeetieideieien 





Zen. di. 31 22, and 58 38=2%"s talt.| 36 13,and5347== p ’str.alt. 
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Lo Jind the true difiance between Aquila and )"s center. 
Nov. 9,:1769. ) 2 diam.=195’ ot Dif, of centers 58° 1’ 37" ; 
Hor. paral. 58’ 12”. Then rad. : 1 53°: : 58" 12” 234° 30", ‘by Gonter. 
Dift. 58° 51’ 37° its } 29° ah ir %*’s alt. 58° 38’ 0” 9 ’s 53°38’ 0” 






























@’s alt. 58 38 Refr. + 935 3 + Oo 42 
D’s alt. 53 38 * 583835 ~ «53 38 42 
Dif, ~; 0 Do SB Ate 1) 34 30 
Ae, 5.3423 53_ 4 12 
i diff, 2 30 of the true alts. pe Giff. 2°47 12 app. alts, 
oy. 29°25’ 48" 0,30860| 9,69140 154, 29° 25° 48°. 
Lys, 247 1207 8,68679 - 
1,5, Wt arc, '  * 8,99539] 999786 _ 
; 72 4 aii a . 
968926 Ly, 2d. arc. 
9:68926 Ly, 2d. arc. 
¢, | 0.28370 Ls‘, 58 38 35° 
O,22125 Lys, 53 4 12 
119,88347 by 3d. are. 
- 9.71043 Lys, 58¢ 38 
H773CR Liss $F 38 
3937292 . L, 4th arc. 
tr, 4th are 19,686.46] 19,686 46 'L, ath arc 
| 363938 Ls, 2 30 
L,S5; 5th arc. 999825 ENNIO Lyf, sth arc. 
29 11 40. . : " 9,68821 7 . 








SE tae, 


58 23 20 the true dift, of >k from p ’s center. 





To find the Longitude. 





De a eal 1 37 g8 © 37 
59 29 51: , _ -§8 23° 20 
: 1281 14 = 88 14" at 43 


Now, (I. go) 1 28 14==88,23'; and 21° 43"==21,716, 


And, (I. 46) 88,23: aE7A0 73 > ob 43™ 328 
; a 











: Aopaient time at Greenwich 9 43 32. 
Ship . -" 6 31 +4 : 
— 
Difference of times 3 22, .282248° 7‘ duff. longitude. 
Longitude by account -3 8 56 


Error 3 ga=0° 53 


S E C- 
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~'°§$ EC T I O N_ XI. 
* Of a Ship's reckoning. | 

113. A Surp’s REcKONING is that account, by which it can be known 
at any time where the fhip is, and on what courfe or courfes fhe muft 
fteer to gain her port. | _ 

114. Deap RecKoninG is that account deduced from the occur 
rences, which are written on the log-board. 3 

The Loc Boarp’is a Jarge fquare ‘board, or pannel of waintcot, 
painted black, on which is written in chalk whatever is thought worthy 
of notice from day to day ; and for a proper difpofition of fuch notes, the 
board is ufually divided into five columns. The column on the left 
hand contains the 24 hours from the noon of one day to the noon of the 
next; in the fecond and third columns are the knots and fathoms the 
fhip is found to run per hour, fet‘againft the hours when the log was 
hove; the fourth column contains the courfes the fhip fteers ; and in the 
fifth, or right-hand column, is written the winds, the alteration of: the 
fails, the bufinefs doing aboard, and what other remarks the officer of the 
watch thinks proper to infert. For it fhould be obferved, that it is ufual 
to divide a fhip’s company into two parts, called the ftarboard and lar- 
board watches, who do the duty of the fhip for four hours and four hours 
alternately. | 

The Loc Boox is a book ruled like the log-board, in order to con- 
tain the daily copies of the remarks written on the log-board, which is 
the only authentic record of the fhip’s tranfactions ; and thefe are, by the 
perfons who keep ‘Journals, tran{cribed: every day at noon into their log- 
books, from which they make the neceffary deductions relative to the 
fhip’s place. - j 

115. A Sea Journat isa book, in which is truly entered the moft. 
remarkable daily occurrences relating to the fhip during her voyage out- 
ward and homeward. / 

There are various ways of keeping fea journals, according to the dif- 
ferent notions of mariners concerning the articles proper to be entered. 

Some writers direct to keep fuch a kind of journal, as contains only 
an abftracét of each day’s tranfactions, fpecifying the weather, what fhips 
or lands were feen, accidents on board, the latitude, longitude, meridional 
diftance, courfe, and run. Thefe particulars are to be drawn from the 
fhip’s log-book, or that kept by the perfon himfelf; for moft good ma- 
ne'rs kecp private log-books. ; 

Other authors recommend the keeping but one account, including the 
loz-book and all the work of each day, with the deductions drawn from 
it. “This method is adopted in this treatife, becaufe it reprefents to the 
beginner'the whole of each day’s work : but when he is well verfed in 
this method, he may abridge’ what part of it he pleafes. But it is con- 
ceived, that a journal neatly kept, with all the particulars of the work 
- commodioufly ranged, will give more fatisfaCtion to thofe who may after- 
wards have occaffon to infpec it, than a journal containing the heads only, 
with all the intermediate parts fupprefled. ae 
“""The method here made choice of, to introduce the young mariner into 

thiscapita) part of navigation, is, by fhewing him firit how to work a few 

ere el . oo ae ae fepara‘e 
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feparate days works independent one of another; and then to proceed to 
a continued journal of feveral fuccefiive days works; for the doing of 
which it was judged neceflary to premife the following obfervations. 

116. I. Mariners reckon time in the aftronomical manner, beginnin 
at noon, and counting from thence 24 hours to the next noon. The fir 
12 hours, from noon to midnight, they mark with P. M. fignifying after 
mid-day; and the fecond 12 hours, from mid-night to noon, they mark 
with A M. fignifying after mid-night ; and end their day’s work on the 
noon of the nominal day. Hence their fhip account is 12 hours earlier 
than the civil account of time; and confequently the Sun’s declination, 
and other daily aftronomical matters fitted le noon, muft be fought for on 


the day according to their account of time: but if they are wanted for ~ 


any other time of the day, they muft be taken out for the day which pre- 
cedes the given nautical day, which they are wanted for. 

Thus that day’s account which is marked Sunday the gth of Otober, 
began on Saturday noon, and ends on Sunday noon. 

il. If there is an obfervation for an amplitude or an azimuth, let that 
amplitude or azimuth be worked as is fhewn between Article 22, and 28 ; 
and then find the variation as is fhewn at Article 2g ; taking care, ip thefe 
operations, that the declination for the proper day, time, and longitude, 
be ufed as fhewn above, and in Book V. article 286. - | 

ILI. Corre& each courfe by the variation thus found, as at Article 30 3 
alfo correct thefe corrected courfes by the proper allowance for leeway, as 
is fhewn at Articles 31, 32.. 

IV. Write thefe corrected courfes in a Traverfe Table, fum up the 
knots and fathoms, allowing eight fathoms to a knot, belonging to thofe 
hours in which the fhip kept on the fame courfe, and write the {everal 
fums as diftances in the Traverfe Table, againft their refpeCtive courfes. 

V. Complete the Traverfe Table as fhewn in Book VII. 36, find the 
prefent latitude and longitude as fhewn in Article 72, 73, 74, Book VIII. 
and the following examples, and then will the fhip’s place be obtained by 
dead reckoning. 

VJ. The prefent longitude each day may be found either by middle 
latitude or by Mercator’s failing ; the one being preferable, when failing 
nearly on a parallel of latitude, and the other when failing near the me- 
ridian. In what follows, Mercator’s failing is ufed, when the courte is 
lefs than five points, and middle latitude failing when it is above. 

Vif. As the greateft trouble in ufing the Traverfe Table, is to find a 
correfponding difference of latitude and departure, or meridional differ 
ence of latitude and difference of longitude, nearly equal to two given 
numbers, it has been judged proper to annex the two heft figures of the 
natural tangent of the courfe, to the degrees at the top and bottom of the 
Traverfe Table (VII. 67.) ; by which means the courfe may be found 
with greater facility from the diff. of lat. and departure, or ,from the 
mcrid. diff. of lat. and the diff. of long. Thus: Add cyphers to the de- 
part. or to the diff. of long. and divide by the diff. of Jat. or by the merid. 
diff. of lat.; look for the two firft figures of the quotient amongft the 
numbers annexed to the degrecs at the top or bottam of the Traverfe 
Table, and the degree where it is found is the courfe or bearing fought. 
Let +72 merid. diff. of lat. and 353 diff. of long. be given to find the 
courfes. 353, with cyphers annexed, being divided by 67a gives 553 im 
the quotient, whichis found annexed to 28°, the courfe required, 

4 117. EXAM, 


ee Se 
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117. Exam. 1. Auguft 25th, 1792, Yefterday noon we were in the latia 
. tude of 46° 28’ N. longitude 22° 18’ W. and have failed til this day noon 

as by the log-board, the tide having allthe time fet 8. b. B. 23 miles an hour: 
_ Required the fbip’s place, and the dire&? courfe and diftance made good. 










TravERsEe TasBtLem. 













ourfes. 
NNE. _ | 
E. b. S. 





0 lo I eol~s [ ale I» [vo Lol | 


ala lalallala: lalbalilatbnlalatalalalalalAt & 
wlo le [elo le la feo ln la Lalo loal=lole fole lw! ™ 












10 Depart. lat. = 46° 28° N. M. P. =3156 

11 Diff. lat. = 1118. 

= Pref, lat. = 45 17 N. M.P.=305¢ 

3 Sunt:  =2o1 4s MED dats Gos 
12 Middle tat. = 45 52 

5 Co-middle lat. = 44 08 : 

‘ longitude == 22 18 W. 








Dep. 
--—- | Difference long.== 2 39 E. Or 2° 40%. 











8] 2/3 
9} 2) 3 Prefent long. == 19 39 W. 
ro] 7} 2 ; ——— 

rl 7 Direct courfe == S.57°18’E. 
— : 3 Diftance © == 131 miles. 





The courfes and winds in the log-béard being examined, it appears that ~ 
the fhip goes large, and has no leeway ; therefore the feveral courfes from. 
the log-board are entered on the T'raverfe ‘Table without alteration. 

Next, the fathoms and knots belonging to each courfe are fummed up, 
and the refults are put in the column of diftances in the Traverfe Table ; 
and to thefe courfes and diftances the whole difference of latitude and de- 
parture is found, (VII. 26) 

‘Then the prefent lat. is found by VI. §1; the co-mid. lat. by VIII. 45; 
the prefent long. by VIII. 64; and the courfe and diftance by VII. 33. 
Or by Mercator’s having found the prefent lat. find the meridional! diff, 
“lat. = 102 by VIII. §2; and the courfe and diftance by VII. 33. 
Then the diff. long. being found by VIII. 65, will be 2° 40’, differing 
‘by one mile from that found by middle latitude. 
118. Exam. 
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. 118 Exam. II. June 27,1771, Being yeflerday noon in latitude 25° 
30° S. and longitude 10° 15/ E. we have failed till this day noons as per 
log-board, in a current fetting S. 23 miles an hour, the variation 1} point 
weft: Required the fhip’s place. 













































































Loc-BoarpD. Traverse Tasre. 

a. NP. Courtes.| Winds. Courfes. |Dif.| N. S. { E. 
1] 6 of s. W. IWNW 5.b.W.EW. | 30 28,7, | 8. 
216 2 | S.b. EEE. | 32] - | 30,61 9,3 

3} 8 4{ |_| 30° 29,9] _2.9 

4: 6 oO SE.b.b. 4 J! 3g 18,4) 3454 

5 cy 3 S.b.t.4n. | 60 $794] 17.4 

S| 6) 0/5. WW. b.S D. lat.| 165,0, 64,0 | 8,7 
Th Si ! a ae 

3) 5) 4 ted ae wae i recat De 
91 5/2 a 5523 , P- 
EO Bie Dif. lat. <= 2° 45’ S. 

it] 5} © | Dep. lat. = 25 308. Merid. pts. 1583 
12} 5} 2| SSW. | Wer. —_— a 
TI 5} 2 | Prefent lat. = 28 a5 S. Merid. pts. 1768 
ia fe | rr Sum of lats = 53 45 M. dif, lat. 185 
haan ee —— —_ 
4] 5| 0 Mid. lat. = 26 52 

5) 5) “| ——_—' | Co-mid. lat. = 63 08 

6 S|. 2 SE.b.S. SW.b.S. ne ae 

7 | 5| 4 = Dep. long. = 10 «=45_E. 

8/51 4 Dik. long. = 4 02 E. Or, © 1} E. 
1s i) een are baricnai= ] 

eles Prefeationg.== 11 17 o o 

U1 314 Courfe isS. 18 30° E. 

12) 515 ! _ Diftance 1s 174 miles. 





The courfes and winds in the log-board being examined, it appears that 
the fhip is clofe hauled on each tack, and one point leeway being allow- 
ed (32) reduces the courfes toSW.b.S., S.b. W.,SE., SSE., and take a 
courle for the current S.: thefe tevcral courfes being corrected by Art. 30, 
for the variation 12 point welt, give thofein the Traverfe Table; to which 
the whole difference of latitude and departure is to be found ds before. 

And hence the prefent latitude and longitude may be found either by 
~ middle latitude, or Mercator’s failing 5 for as the fhip is fo near the equa— 
tor, the difference will be alinoft infenfible. | 

If a greater accuracy i$ required, which is very rarely wanted, efpecially 
-in fuch {mall latitudes, the dift. of long. may be found to each courfe, ag 
fhewn in Book VIIL. 77, 78, and thence the whole diff. Jong may be cof- 
Jeéted; but there will be no material difference found by fuch operation. 


119. ExAm. 


SS 
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119. Exam. III. Yefterday noon we were in lat. 33° 40’ N., long. 16° 
20’ W., the fun was obferved to fet 50° 18’ from the north point of the come 
pafs; we have failed till this day noon, as per log-board, in a current fetting 
WSW. 1% mile an hour: Required the foip’s place, and her courfe and dif- 
tance to the weft end of the Iffand of Madeira, Fune 4th, 1772. 






Loc-Boarpb., TRAVERSE TABLE , 
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Before the courfes can be corrected to put 
in the Traverfe Table, the variation of the 
compafs muft be found from the Sun’s true 
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I 
, re amplitude ; which may be done by article 22, 
cS _—— "| or by working the propartion in article 23, 
— ———- either by logarithms or the Gunter. 
ee eee June 4th, 1772, the declination is 22° 32’N. 
2 cand As cof, 33° 40°: rad.:: fin. 22° 32" : fin. 27° 22’ 
3 | So that the true amplitude <== 62° 38° W. 
4 SW.b. Ww] NW. Mag. amplitude = 50 18 
2. ——| (29) - Variation = 12 20 
7 | The courfes in the log-board being cor+ 
3 | reCted by this variation and the lee-way in the 
9 oe 2d. courfe, will give the courfes fitted for the 
bp Cs Traverfe Table. 
— _— 5 M. P: 
ut ae See Madeira’slat. == 32° 25°N. 2058 
1z| 6) 1 | Prefent latitude == 30 49 N. 1945 
Depart. latitude == 33° 40 N.|Diff, latitude = 1 36 113 
Diff. latitude == 2 51S. |Sumof latitudes== 63 14 
Prefent latitude = 30 49N.|Middle latitude == 31 37 
Sum of latitades = 64 29 |Co-mid. latitude 38 23 
Middle latitude = 32 14 | Madeira’s long. == 17 21 W. 
_ Co-middle latitude = 57 46 Prefent long. =.17 56W. 
Depart. longitude = 16 20W.|Diff.longitude = 0 35’E. 
Diff. longitude == 1 36W.)~ The courfe (57)==N. 17° 15’ E. 


Prefent longitude 17 56W.{ Thediftance = 101 miles. 

In the work for the amplitude the lat. at Sun-fet was taken the fame 
as at noon; for although there were about 46m. of fouthing in that time, 
“and fo the lat. at Sun-fet was about 32/ 54”, yct the amplitude being 
only about 15. lefs, the alteration in variation would f{carcely affect the 
diff. lat. and dep. found from the ae fo corrected, 


ot. IL. é 120, EXAM. 
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120. Exam. 1V. Being yefterday noon in lat. 19° 30! S., long. 0° 10 E; 
this forenoon we obferved the Sun’s altitude to be 10° 40’, when he was 80° 
30’ from the north point of the compafs, and iis declinati¢n 17° 27/N.3 we 
have fuiled till this day noon, as per log-board, in a current fetting by the 
compa/s WNW’, 3 mile an hour: Required the foip’s place, with her dire? 
courfe and diftance to the Ifland of St. Flelena. 


Loc-Boarp. 


fuarmq 
bake 


ls lolalalnlea lola lal 


( ourfes.{Winds. 


l=lo 
wr Ia Ina a IN Ia Fant ale ten [un len bn an lan Lat al al al alal™ 
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TRAVERSE 


Courles. {Difi] N. 
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TABLE. 
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8,9 

, 1559 
76/517) ff 5 5:6 
12 | 14,8 
125,0 | 92,2 

D. lat, Dep. 


Before the courfes can be corrected, an azie 
9 


A == 107 27 |Co-lat. 7 





from the fouth. 


19° 30°S. 


Depart. latitude 
Difference of latitude 
Prefent latitude 
Sum of Jatitudes 

Middle latitude 
Co-middle latitude 
Depart longitude 
Diff. longiyude 
Prefent longitude 


Hu ee 


2 
17 


25 S. 


Me | 
71 


os S 


s 
—_ 


55 
#7. 


33 
= 


10 £. 
36 W. 


2 


1 20 W, 


muth muft be worked as in articles 26 and 27. 
go® oo’ go° oo 


17 27 |Lat. 19 30 /Alt. 10 40 


4 


o 30(|Co-alt. 79 20 
Co-lat. 70 30 


—t fam) p= 8 so 


37.149 19==y dif 
Then by the Gunter, the extent from 58° 87 


to 79° 20’ on the fines, will reach from 70° 307 
to fome point beyond go°; reft one foot there, 
and extend the other to 49° 19’; this extent 
will reach from the beginning of the verfed 
fines to the verfed fine of 67°, the azimuth 
Hence the variation will be 
13° 30’ W.; with which the courfes in the 
log-board are to be correctcd; as well as for 
the lee-way ; the fhip being clofe hauled. 


For the bearing and dift. of St. Helena, 


St. Helena’s Jat. . 
Prefent latitude | 
Diff. latitude 
Sum latitudes 
Middle latitude 
Co. mid, lat. 


=16° 00'S. M.P. 973 
—=17 2558, ICOE 
== 1 25 33 
35:25 
=—=16 42 


—=73 13 





St. Helena’slong.= 5 53 W. 


Prefent long. 
Diff. long. 


Courfe N. 71° 30’ W. 


— 1 20W. 
= 4 27==207m. 


(573 


Diftance 270 miles, 
Here the azimuth is worked with yefterday’s lat.; if it had been 
worked with this day’s latitude the variation would have been 12° 39”. 


In 
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In the following Journal almoft all the circumftances which can poffibly 
attend a day’s work, in any common voyage, are introduced. The fhip 
is taken from the River Thames, conducted through the Downs, down the 
Englifb Channel, and from ‘thence over the Ocean, until fhe comes in 
fight of her port; namely, Fonchal in the ifland of Madeira. In this 
navigation care has been taken to point out the ufual bufinefs that oc- 
curs in the like circumftances of wind, weather, &c. The courfes and 
diftances run down the channel are fuch, as produce the ‘bearings and 
diftances of the places mentioned; and veflels frequently keep a track 3 
not very different from that which is here aflumed. The aftronomical 
obfervations are adapted to the times and places where they are put'down ; 
and it is apprehended, that the whole is conducted in fuch a manner, as 
might poffibly have happened. 


It is ufual, in Journals, to mark the days of the week with the charace 
ters of the planets.. s * 
Thus © ftands for Sunday. 
: Monday. 

Tuefday. 
- Wednefday. 

Thurfday. 

Friday. 

Saturday. 


st+o P10 Gy 
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Journat of @ Voyage from England, toward Madeira, in bis 
Majefty's Ship the Neptune, Lucius Maney, E/g; Commander, 
kept by Francis Drake, Mafter’s Mate, 1772. 


Wiads. REMARKS, 


NW.b.W.| 4. July 2d. At 2 P.M. the Pilot came on board ; or- 
dered the fhip to be caft lcofe from the fhear-hulk at Dept- 

NE. ford, and made fail down the river. At 5 P.M. made faft 

to the fhear-hulk at Woolwich, the wind not permitting us 

NNW. co proceed farther, At g A.M. caft loofe from the hulk, 


and at 10 anchored in Long-Reach; moored with a cable 
each way *. 













-. July 3d. Employed taking the gunner’s f{tores on 
board Read the articles of war to the fhip’s company, and 
punifhed Simon Sturdy with 12 lafhes, fur drunkennefs and 
difobedience. Fine weather and moderate wind. 


: h. July 4th. Lizhe airs and fine weather. A.M. une 
W.b.S. | moored, and {uiled down the river to Gravefend. At noon 
anchored with the {mall bower + in 6 fathoms. 


©. July 5th. At 6 A.M. weighed and turned to wind- 
ward down the reach; and at noon anchored in the Hope, 
in 7 fathoms. Fine weather and moderate wind. 


D. July och. Brifk wind and cloudy weather. At 6 P. ME, 
Wefterly. | weighed and failed ; and at 2 A.M. anchored with the beft 
bower at the Nore, in gfathoms. At 7 weighed and failed. 


oO. July zth. At 3 P.M. came to in Margate road with 
the beft bower. At 8 A.M. weighed and made fail. Brifk 
wind and hazy weather. 


~ y. July 8th. At_3 P.M. came to anchor m the Downs 
in 7 fathoms, and moored with a cable each way*. The 
town of Deal bearing WNW. and the South Foreland 


NW. 





NNW. 








Variable: 
welterly. 





4Tt is cuftomary on board fhips of war, as well as other hips that make 
long voyages, to have four large anchors, nearly of the fame fize, called the 
Jnali bower, bef bower, foeet, and spare anchors; the two firft being always 
ready at the bows of the fhip to moor with, or to let go as occafions require. 
The otner two are fufpended over the fide farther aft, near the fore-chains, to 
be ufed along with the former in very bad weather, or to fupply their places 
when they are loft, Befide thefe, each fhip of war has three fmaller anchors ;. 
namely, the ftream anchor, which is about one-fourth part as big as one of the 
former, and two kedge-anchors, with cables and havfezs proper for them, to be 
ufed in warping the flip from place to place, into and out ef harbours, cr to 
fteady the fhip un fome occafions. 
* When a hip is mored, fhe lies in the mid-way between two anchors; and 
when fhe is more? aerth a cable each way, the anchors are two cable lengths, or 


2co fathoms afunder, and the fhip rides in the mid-way between them. To- 


place a thip thus in a ftream, or in a tide’s wav, one of the bower anchors is 
let go, and the length of two cables vecred out as the fhip falls down the 
fiream ; the other bower is then let go, and the cable veered out as the other 
ig hove in, until the thip ts in the middle between tie two anchors. , . 

QUIHQ. 








DAYS WORKS, 325 
Sournal from E nigland toward Madeira, 1 772. | 


REMARKS. 





JSW. b. S. fent the pilot on fhore. Modérate wind, and 
cloudy with fhowers. | 





The former part of thefe 24 hours brifk 


wind and cloudy weather ; the middle ftrong gales with rain. 
Atv6 P.M. got down the top-gallant- yards. At 8 ftruck the 
yards, top-maits, and top-gallant mait». At 2 A. M. ex- 
ceeding {trong wind with rain: let go the fheet-anchor un- 





en em se ATE pc RTE SET TE ARSC SESE aS, 

g@ July roth. More moderate: P. M. hove up the fheet- 
anchor, and got up the yards and top-malts. A.M. over- 
hauled the rigging, and fet it up. Cloudy weather with 





eee a rn a a a) 

h July rich. Brifk wind, and flying clouds. P. M. 
ftowed the byats, cleared the decks, and made all ready for 
At 6 A. M. unmoored. At 8 weighed and 
failed; and at noon the South Foreland bore NW. diftane 


Journal from England toward Madeira. 


Fat 
ew e| > 





SSW. 4W. | N.2W. [Little wind and fine weatner. 
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Remarks on ©@, July i2th, 1772. 


Stowed the anchors. Set top-gallant {ails 
and fteerivg fails. | 
The South Foreland North. 


Took in fteering fails and top-gallant fails. 
Moderate wind and fine weather, 


. [Ditto weather. 

Fairlight point N. b. W. about 4 miles, 
Moderate wind and clear weather. 
Beachy head N. b. W. about 6 miles, 


Brifk gales and cloudy. 
Took in a reef of each top-fail. 


‘ 


Bembridge Point NW. 5 leagues. 
Bbo3 | Fournal 
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Ho. (K.1 F. Courfes. ,; Winds. Remarks on ), July 13th, 1772. 
1) 7) 64. WNW. | N.b. E. |/Freth gales and flying clouds. 
2| 7| 6 . Dunnofe WNW. about 7 miles. 
3) 71 5 Weft. : . 
4| 7| 4 Ditto weather. - 
5| 71 4 North. = 
6| 7) 4 | . ay 
71 7| 6 The bill of Portland NW. b. N. 
8} 71 4 |WNW.4W.| N. b. E. [Shortened fail. . 
g| 6| 2 
10| 6 | 
r1] 6 
12| 6 Weather as above. — 
1) 5) 4 | 
cd es \ 
3}; 5) 2 
4] 4 . |Moderate wind and clear. 
5] 4 . 
6} 4] 2 d The Start WNW. 4 leagues, 
7) 6} Let out all reefs. 
8} 6) 4. Brifk wind and fine weather. 
9} 6 4 |WNW.IN.| NNE. . 
1o| 61 4 ' | 
BE OF Ge eee FF: Merid. alt. @’s L. L. 61° 283’S. 
12{ 6] s : Ram-head NE. 3 B. = 








Cuurte.|Dit.|D. u. [Dep. | Lat. in. | Long. made. Bearings and dift. at noon. 
S31°W. Jas | tag 17% |50°5d/N.] 08 12° W. [Ram-h, NNE.ZE. 5 leag. 
Here the meridian alt. of the Sun’s lower limb being 61° 282’ S. the refrac- 
tion (55) will be 30” to be fubtracted. Suppofe the height of the obferver’s 
eye to be 21 feet, and the dip of the horizon (55) will be 4’ 22, to be fub- 
tracted alfo. By the fame art. the Sun’s femi-diameter on the 23th of July is 
15, 47”, to be added; confequently the correction of the ap. alt. of the Sun’s 
1. will be 117 to be added: and the true alt. of his center was 61° 393’: hence 
his true meridian zen. difl. was 28° 204° S. ; and as the Sun’s decl. for that day 
will be foand 21° 45’N. for the noon of a place 4° W. of London, the lat. of the 
fhip atnoon was so® 52’N. The Ram-head lies in lat. 50° 18’ N.: the thip is 
therefere 12’, 5 fouth of the Ram-head. Moreover, the Ram-head bearing 
NE. 4 E. by compafs, the fhip may be fuppofed to have failed from thence SW. 
_ 3W.,; or, becaufe there are two points weft variation in the Channel, SSW. 2 W. 
true: now under 24 points in the traverfe table; and againit 12’, 5 in the diff. 
of lat. col. ftands 15’ nearly in the dilt. col. for the dillance which the fhip was 
from the Ram-head at noon, and the true bearing of the Ram-head from her 
is NNE, 3 E. | . 
' Again, the merid. parts to lat. 50° 18’, are 3502,6, and to 50° 52’ 3483,1; of 
courle the merid. diff. of lat. is 19,5, which being fought for in the diff. of lat. 
col. under 23 points in the trav. table, will be found to ttund againft 11’, 8 in the 
col. of dep.:'11', 8, or 12’, is therefore the diff. of long. which the fhip is weit 
of the merid. of the Ram-head, the Ram-head being NE. from it: and this is 
alfo the /eng. mde in this cafe. Thus the fhip’s piace is afcertained at noon, 
and her wparture (as itis generally expreffed) taten from the Ram-head. 

But the method which feamen generally ule 7m taking their departure from 
any point of land, is to fet. the point by the compafs, and guefs, as near as 
they can, how farthe fhip isfrom it. They then’ take the oppofite point of 
the compafs for the courfe which the fhip may be fuppofed to have failed 
from that point, correct it for variation of the compafs (32), and with this 
courfe and the eftimated dilt. they find the diff. of lat. and dep. as in any other 
courfe, and dift., run by the leg, Ue  feurnal 
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O. F.| Courtes. | inds. Remarks on oc’, July 14th, 1772. 
rj 5 | 6 SW. WNW. | Brifk wind and clear. 
2| 6 
3) 6 | 
4| 6 Wind as above: cloudy. 
a aw ca 7 
61314) SW.tS. |WNW. EW. 
7| 3 | 4 
81314] SW.b.S.] W.b.N. |Moderate wind and cloudy. 
9} 3 
lo] 2] 2 
In] 2 | 2 = . 
tz| 1 | 6) SW.bW. | NW. b. W.| Foggy, with drizzling rain. 
Say 2 
2} 1|6 ) 
3} 2 
4\ 2 Ditto Weather. ° 
6/2] - 
7; 116 : . 
8/116 | Tacked fhip. Weather as above, 
9g] 2 NW.iN. |WSW. IW. 
1o| 2 | 
11 | 1 | 6 
12' 1] 2 Light Breezes and foggy. F 


Courte.|Dit.| D. L. Dep.| Lat.in. | Long. made.|Bearings and dift. at noon. 
S.b. W159] 58 [aad i 49°74 N. | 0° 294 W. |Ramh. N. 15°E. ditt. 241. 


Here, the fhip being clofe on a wind, and The Traverse TaBee. 
making little way a-head, may be fuppofed to 








make a point and-haif lee-way : and the varia- True courfe.|bitt.| N. W. 
tion being two points wefterly, her courfe by 5.1 W. zg |— 28,9 —! 2,8 
compafs is altered 3% points, or the fum of thefe South. 7 | 

two toward the left hand, when on the ftar- SLE 

board tack, and 3 a point, or their diff. when fs ese IL | — | 19,9/1,1/-—— 
on the larboard, to obtain the true courfes put S.b.W.2W.! 17 |— 49 
down in the firft col. of the traverfe table. NW. 714,9-—| —! 4,9 
The diftances to each courle are added up, mele ate Par Par 
reckoning 3 fathoms to make a knot, and put 14:9) 03K L112, 
in the fecond col. againft their refpe€tive 1,1 








courfes ; and the remaining part of the table 11,5 
is filled up by B. VII. art. 36. aN | 

In the traverfe table (VII. 67.) I find that 58,2 ftands in the diff. of lat. col. againft 11,5 in the 
dep. col. under 11° in the courfes 5 confequently the courfe made good by the thip for the whole 
day, is S. 1:°W. Moreover, under this courfe, 58,2 ftands in the diff. of lat. col. againft fomewhat 
more than §9 in the col. of diftanccs, which is therefore the diftancé made good in the whole day. 

Again, if from 50° 53’N. the lat. in ye(terday at noon there be taken 52m. the diff. of lat, 
made fince, S$. there will remain 49° 72’ N. for the /at. in this day at noon, by account, and 
which muft be taken as the true Jaf. ine becaufe there was no obfervation. The mer. parts to 
thefe two latitudes will be found 3433,1 and 3393,5: hence the mer. diff. of lat. is 89,6, 
which ftands in the diff. of lat. col. (under 11°) againft 174 in the dep. col.: and 174 being 


ee 


added to 12’, the long. made yefterday at noon, becaufe both are W., gives 294’ for the loxg. 


giade this day at noon. 

To find how the Ram-head bears, 4nd its dift. from the fhip, take 3393,5 the mer. parts to 
the fhip’s lat. from 3502,6 the mer. parts to the lat. of the Ram-head, and their diff. 109,1, will 
be found in the dith. of lac. col. againit 29',5, the long. made, in the dep. col. under 15°; con 
fequently the Ram-head bears N. 15° E. from the fhip, becaufe the thip is S. and W. from it. 
Laftly, 49° 7}, thip’s lat. being taken from 50° 18’, lat. of the Ram-head, leaves 70, § diff. of lat. 5 
which, undes 15°, flands againft the dift. 73 "Bb or 244 leagues, the dift, required. 


‘N 


4 | Fourna. 
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Sournal from England toward Madeira. 
_Winds. | Remarkson Q, July 15th, 1772. | 







Courfes. 


ee 
° 
= 
|= 












“1 | 2([4 |NW.b. W. |SW. b. W. |Little wind, and foggy weather. 
z|2 
3 | 2 WSW. 
412 Weather ditto. 
5131 {16 Weft. 
6] 2 
7} | 4 ae 
8 | 2 Tacked thip. Thick fog. 
9,214 : 
loi 2/4 ; 
1} 2)4 
12|2/]4 Weather as above. 
tr] 41 | 6 
2/114 
3}114 : 
41/1 | 6 Dba Weather. 
si|1]2 
6| 2 
Zack Sate 32 
Sir] 4 Very hazy: little wind. 
g9]}/2/|2 
10 I 7 
il | 3 
wz | 4 Weath. do. mer. alt. ©’s I. 1. 62° 25’ S. |} 
Courfe. |Dif. D.L. D. L.] Dep.| Lat. in. Long. made.|Beartngs and dift. at noon. | - 
S. 5.53°W | 29° 29 at 23 48° 502 N. “1° 4b W. {Ramh.N. 25° 2. ditt. 32 1. 
By oblerving the directions given fur working the two preceding day’s works, the feveral ope- | 


rations will ftand as follow. Noting only, that alchough the thip ran twice on a NW.b.W. courfe, 
viz. from noon to 2 o'clock, and from 6 to 8, yet that courfe is put down only once in forming the 
traverie table from the log., becaufe as the hip is at the fame dift. from the wind in both, and | 
runs nearly at the fame rate, the lee-way which fhe makes, and of confequence her true courfe, 
will be the fame; but the diftances which fhe ran both times are added into one fum, namely : | 
44 and 34==8m. and put down againft that courfe. On the contrary, when fhe runs twice WSW. 
that courle is put down twice; becaufe being clofe to the wind one time, and a point free the 
other, fhe would make more lee-way from 3 o:clock to 4, than fhe did from @ to 10, and there- 
fore the true courfes would be different; 14 points being allowed in the former cafe, and only 


£ of a point in the latter. - = 
Dip of the horizon (55) 4/22” The Traverse Tasee. 


Refraction (55) _© 30 ‘lL rue courte. 


Sum, 4$2  |Nw.b.w.iw. 










Sun's femi-diameter (55) 15 47 : 

Difference . 10 55 Nw. W 

Apps alt. @’s I. I. 62° 25 co S. NNW, ¢ W. 

True mer. alt. ©@)'s cent. 62 35 55 S. b. E. £ E. 

True zenith dift. 27 24 «5S. S z E. i 

Sun'sdeclination(V.309) 21 26 10 N. SSW. 2 W. 1,8/——=-|_ 0,9 
b 6,2 EEE 5oI 





Latitude obferved 48 50 15 N. | SW.b.S. Ww 
Lat. from ag 074" mer. pts. 339395 SW.b.S.3W 
Lat. in. 5° «mer. pts. 3366 9 
Diff. of long. 0° 35’ W. 20,6 
Long. from 0 20% W. 
Long. made 1 044 W. 


i a 1,2 


—_— _ 6,5 
Bee 2,5} 25,8 
9» 
For the bearing and dift. at noon. Cour, S. 53° W. py oN a 3 


Lat. Ramh. 50° 13/N. mer. pts. 3502,6 Lat. from 
Lat. in 48 so N. mer. pts. 3366.9 | Lat. in by gcc. ares Z ee, 
$-=:83m. 2)135,7 longs made=64,5m 
Dift. 32 lea 3! —- 2 ; pig 
anes N.25°E. 67,85 halfofcach 32, 25 Journal 
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do. | K. F. | Couric¢s. | Winds. Remarks on 4, July 16th, 1772. 























1] 3; 6 | W.b. 5. | North. {Moderate wind and hazy. 
2| 4] 2 | } 
3| 6 WSWw.  f. A great {well from the NNE, 
4} 5 Ditto weather. 
5| 5 Shortened fail. 
6} 5 
7| 4 
81 31 4 The weather as above, > 
91 3) 4 
1o| 4 
ri] st) ; 
12} 5]. NE. Ditto weather. ~ 
Vi 5 
2; 41 4 
3} 4 | 
4\ 4 .| Moderate wind and flying clouds. 
5) 4 Sun rofe by compals N. 79° 30’ E. 
6] 4 Variation 22° 16’ W. | 
7 é Set the top-gallant fails, 
$1 3! 5 / Moderate wind and fine weather. 
9 3| Set the fteering fails. 
10, 2| 4 
1} 3] 3 ; The {well continues from the NNE. 
iz 3, 3. Gee ee! Dit. weath. Mer. alt. o's }. 1. 63° 37'S. 
Coarte.{14niD. L.tDep. | Lat. in. | Lon,:, made, Bearings and dif. at noon. 


S.greW' 108) sr bors 147° 28/N.] 2° 512" W.]Ram-h.N.34°K. dif. 68 1. 
rit, At gs A. Vioor ion. ut vas i7dh. at Greenwich (573: : 
at this dae the (un's cech was 25° tN. By working the|__. TRAVERSE ELE 
log. up to the time, the lat. of the fhip will be found 47° True Cour. | Dift.| S. > W. 
49° N. Hence the true ampl. of the fun at rifing was NJ SW. b. W. 8 “454 6,6 
57° 34 E.; that by compals was obferved above to be 79° Sw 1 |164.4'6 
30° E.; confequently the variation is 22° 16° W. (31) or h 9 44, 44 
Swo points nearly. South, 12 | 12,0 








- 2. The fweil fetting from the NNE. taward the SSW. . 80,8, 7150 
muf carry the fhip along with ft; for this reafon a SSW.| ———-—_---—-__, — 
courfe is intraduced in the craverfe: which variation allow. Lat. from 48 5° N. 

Diff. of lat. r 21S. 


ed, is dueS ; and it is fuppofed the thip was fet that way 


22 miles in the 24 hours, 
3. The true lat. obferved will be found 47° 28’N.3; and ; 
as th.t by account is 47° 29’ N. the diff. of lat. by obfervation, and not that by acconnt, muft be 


ufed with the departure in finding the courfe and dift. made good, and diff. of longitude. 


Lat. in by ace, 47 29N. 





_ Lat. fr. 48° 50’N. Meridional parts 3366,9 


Lat.in 47 28 .N. Meridional parts 3244,0 Long. from 1° 4llW, 
Diff.lat. 1 z22=-82m. a ae 
Depart. mt Gives the courfe S. 41° W. d. lon. 147 W : 

| Longit. made 2 513 W. 
Lat. Ram-head 50° 18’N. Meridional parts 3502,6, 3 part is 5792 
Lat. fhip 47 28 N. Meridional parts 3244.0 
Diff. of lat. 2 so Mer. diff. lar. 258,60; 4 part is 86,2 


One third part 50,7- Hence the Ramh. bears N. 332° E. dift. 68 leag. 
"Here, becaufe the meridional diff. of lat. and diff. of long. are greater than can be found in the 
table, one third of each is taken to find the cou-fe ; then this courfe, and one third of the proper 


Giff. of lat. give the diftance in ieag:cs, : 
: Fournal 


a 
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bs 
3 


.|- Courfes. | Winds. . Remarks on 9, July 17th, 1772. 





WSW. NNW. {Moderate wind and clear. Hauled down 





fe 

114 

2/14 lower fteering fails. 

3 

4 : Ditto weather. re 

5 | 

6 H SW. b. W. |NW.b.W./Hauled down fore-top-matt fteer. fails. 

714 Clued up and handed top- gallant fails, 

814 Weather as above. 

914 ) 

10 | 4 

11 | 3 

1z | 3 Moderate wind and cloudy. 

1] 3 SW. b. S. |}W. b. N. 

213 

re Squally weather. ‘Tacked thi 

4 ually weather. Tacked hhip. 

Ma NNW, | Wet. |.” | : 

6 | 3 

7 {3 | 

8 | 3 Brifk wind and cloudy. Tacked. 

9/3 S.b. W. |W. b. S24) 

10 | 4 

I) 4 
412 | 4 Very hazy. Mer. alt. @’s I. 1. 64° 30° S. 

















Courfe. |Dif.'\D. L.{| Dep.| Lat. in. |Long. made. { Bearings and dift. at noon. 


| enceemesereneee 






Sig°W.]67| 58 { 20 |46° 26°N. 3° 233° W. {Ramh. N. 30° E. dift. go lea. 
~ Working the pean by the fore- The TRAVERSE VABLE. 
going directions, the diff. of lat. wiil — Tpit. N. |S. : ; 
be 58,2 and the depart. 19,8, and es Se : 
hence the lat. by account will be S.b.W.LW ee ac 
6° 30’ N.: but the true lat. ob- [°° Sk. i 155 y 
erved will be found only 46° 25° N, oe es : 
NNW.LW. 13 79135 6,1 
confequently the courfe by compafs, SSE. IR. 16 | a5 


or diftance run by the log. or both, {|~——2 => ——|__ ce eee 
muft be erroneous, and therefore the 11,5|69,7| 9:C/ 28,8 
seckoning mutt be corrected by one 1155 9:0 
of the three cafes at Art. 81, 82, 83, 19,8 
Now 58,2 is found in the diff. of lat. : ; 

col, againft 19,8 in the depart. col. under 19°; which is therefore the courfe 
by account for the 24h. Confequently the correction muft be made by art. 
81. Now the diff. of lat. by obfervation is 63, with Which, and the courfe 
by account S. 14° W. as the true courfe, find the dift.—67 miles. Moreover, 
the mer, parts to the /at. from, and Jat. in, are 3244,0 and 3151,7; confequently 


the mer. diff. of lat. will be 92,3, which under the courfe 19°, gives 32° for the . 
diff. of longitude. The long. made is therefore 3° 234’ W. and the Ram-head 


will be found to bear N. 30° E, diftant go leagues, 


fournak 
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Courfes. | Winds. Remarks on h, July 18th, 1772. 
South. WSW. {Moderate wind, and hazy, 
S.b E. |SW.bW) | | 





South. WSW. {Ditto weather. 


SSE. SW. |Az.@’s cent. by comp. N. 53° s6'W. 
NW. b. N.| W. b. S. | Ale. of his 1.1. 15° 56° var. obf. 22° 12°W 
Weather as above. 
NW. | WSW. 


CON] QM & WN at 








Rainy, unfettled weather. 
NW. b. N.| W. b. S. 


t) 


‘WSqually, with rain. 


Weather as above, 


NNW. Wet. 


“NY WHNNWW NRHN N | we RQ HNWOWAWWWAAILA 


Foggy, with rain. | | 
yif.| D. L. Dep.| Latic. in. | Long. made.|Bearings and dift. at noon. 
Tet | 0 [461 NL 3° 382 W. [Ramh. N. 352°E. dit. 871. 
‘The Traverse Tastee, 








. allowed in correcting the ae 
By art. 52, 53, 55, the true alt. o 1 
the Sun’ coe ot 16° 4’. By V. ce oe 
286, the Sun’s decl. was 21° 3°Nu Ini BNW, 
and,working the log. up tothe times!’ wy: aw. 
_ the lat. of the hip was 46° 10'N.| srry WwW 
Hence (28) the true azim. was N. a 
96° 8’W. and therefore the variat. 
(31) 22° 12’W.: confequently two; 
points may ttill be allowed in cor- Diff. of lat. 
yecting the courfes. Lat. from 46° 25’ N. m. pts. 315157 
2d. Having formed the traverfe ly at, in 40 412 N. m. pts 31757 
table, and worked the log. as in the Diff. of long. 0 15 W. m. diff. aera 
margin, I find the diff. of lat. for; oo goa aot W 
the whole day is 16;m. N. and the L g- Ff jo 
dep. 10,1 W. Hence the courfe ong. made 3 32 ‘: 
made good js N. 32° W. and the diftance Igm. Moreover, the lat. by account 
is «6° 412/N. and this is. taken for the lat. in, as there was no obfervation. 
‘The mer. diff. of lat. is 24,0, which gives, under 32° in the courfes, 15’ for 
the diff. of long. Confequently the dozg. made is 3° 387° W. 





Lat. Ram-head 50° 18’ N. nier. parts 3502,6 7 \ 
Lat. fhip 46 415 N. mer. parts 317557 . - 

| Diff. of Jat. 33 30; 216,5 10)326,9 Long. made=10)218,5 
One third ts 92,2, 32:69 21,85 
Vence dilt. is 87 leagues. Bearing is N. 332° E. 
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Couries. Winds. Remarks on ©, July rgth, 1772. 











.| K. 
1/5 WSW. NW. [Brifk wind and cloudy. 
213 S. W. $ W. 
3 | 2 
441 Moderate wind and clondy weather. 
I 
3 3 SW. b. W. 
7 | 4 
$14 The weather as above. 
9|4 “ 
4 
4 ‘ 
4 itto weather. 
3 
3 
3 
3 Ditto weather. 
3 
4 
3 
3 Brifk wind and cloudy. 
3 SW. {W. ; 
3 
3 
4 Very hazy. Mer. alt. @’s J. 1. 65° 13°S. 





if,| D. L.| Dep.| Latit, in.|Long. made.|Bearings & dift. at noon. 
7h 143:4'45° 20N.| 4° 44h/W. Kam-h, N. 33° E.d. 118.1; 
A point 1s only allowed for lee-way The Traverse [Tapee. 
on the WSW. courfe, becaufe the fhip 
went faft through the water. A quar- 
ter of a point only is allowed on the 
SW. b. W. courfe, becaufe fhe was a 
point free ‘ and at on the SW.EW. 
courfe, as fhe was then 74 points from >a ae 
the wind. ani Dif. of lat. } ' ae — 434 
On cafting up the traverfe table, it . 5 ee 
appears ar che diff. of lat. is only Latit. from BREA ANE 
74m. S., confequently the lat. by ac- Lat. in by acc. 45 274N. | 
count is 45° 272 N. whereas the true 
lat. obferved will be found no more than 45° 20°N. Now to correét this error, 
and determine by which of the three cafes (81, 82, 83,) it is to be done; as 








- there has been no obfervation fince the 17th, take the diff. of lat. made the 


18th from that made the 19th, one being N. and the other S., and the remainder 
(57,7) will be the diff. of lat. made good on both days: alfo add the two de- 
partures together, becaufe both are W., and the fum (53,5) is the departure 
for both days. This diff. of lat. and dep. give S$. 43°W. for the courfe; the 
correftion muft therefore be made by Cafe III, This courfe by account and 
65; diff. of lat. by obfervation, gives 60,6 depart., half the {um of this and 
that by account is 57,0; this depart. and 65 diff. of lat. hy obfervation, give 
S. 41°W. for the true eourfe. This courfe and 93,4, merid. diff, of lat. by 
obfervation give 81° diff. of long. for both days, which being added to 
3° 23% the /ong. made on the 371h, gives 4° 45’W. for the Jong. made on the 
tgth. The bearing of the Ram-head N. 33°. and dift. 118 leagues, will be 
found in the fame manner as on the preceding days, | 
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Ceurfes. | Winds. Remarks on ), July 20th, 1772. 
SW. b.W. |NW. b. W.| Moderate wind and clear, 



















- Light airs intermixed with calms. 
SW. WNW. {Tried the current which fet W. b. N. 
£N. 2 ofak. an ho. 
Brifk wind and cloudy: took in ‘a ree 
of each top-fail. 
SW. b.W. INW. b.W. 


AAUP DR NDP Ep] 





Took in 2d reef of the top-fails. 
S.W. WNW. | Squally, with heavy rain. 

SW. b. S. | W. b. N. | Handed the mizen top-fail. 

| Clofe reefed the fore top-fail. 


Squally, with fhowers, 
SSW. | Weft. |Clofe reefed the main top-fail. 


Heavy fqualls of wind and foggy. 
South. WSW. |Saw Cape Ortagal S. b. E. about 7 leag. 


Handed the top fails. 
Strong wind in fqualls. 


Courfe.!Di.|D. L.j Dep.| Lat. in. | Long. made.|Bearing and dift. at noon. 
40° W168 | 67,2 | 11,3] 44° 13’N4 5° 1'W  [Ramh. N. 29°E. dift.139 1. 


Ain working thisday’s log tue tullow- » Lhe TRaverse TaBLe. 
ing particulars muft be obferved. True Courte.|Ditt. 

Only 1} points are allowed for lee- aoe 
way whilft the fhip was running on the 
firt SW. b. W. courfe, becaufe, al- 
though fhe was clofe-hauled, the went 
well through the water, which may 
therefore be fuppofed to have been 
pretty {mooth. 


RBNWPPWW HN K AW NWWWw Dd ow shoal (a 





eS] 
























A point and half is allowed on the eg Pe 
firft SW. ¢ourfe, becaufe we may pre- scarce ad 
fume the fea began to have more mo- Diff. latit. } 712}14,8/20, 31} 


79'S, 14,8 


Latit. from 45 20N. 11,3 
Latitude in 44 33N. 


tion $ and, moreover, toward the latter 
end of the time a reef of each top-fail 
was taken in. 

The fecond time the fhip went on 
thefe courfes 13 points were allowed, b&caufe fome part of the time the top- 
fails were double reefed: the fame quantity is allowed on the, SW. b. S. 
courfe. On the SSW. courfe two poirts were allowed, becaufe the topfails 
were clofe reefed ; and three points were allowed when fhe went fouth, be. 
caufe the top-fails were handed part of the time. | 
- The current fetting WNW. i W. by compa(s, or W. 2 S.-true, 3 of a mile 
an hour, or 28 miles in the 2¢h; it is put down as if it was a courfe and 
dift. run by the fhip, and worked as fuch. The remaining parts of this day’s 
work are performed in the common manner; and the refults will be found 
as they are put down under their proper titles above, the lat, by acc. being 
taken as the true lat, becaufe there was no obfervation, 

: Fournal 






PY 





334 DAYS WORKS. Book 1X, 
Fournal from England toward Madeira. 











Ho. K. | F. Courfes. Winds. {Remarks on ¥, July 21ft, 1792, 
1 [2 S.b. W. | W.b. S. |Strong wind and togey. 
2] 2 . 
3) 2 Wore fhip. C. Ortagal SW. 5 or 6m. 
4} 2 NNW. Weft. |Weather as above. 
5 } 2 
612 Hauled up the mainfail. | 
af 2 Brought too under the miz. ftay-fail. 
8 {Up NW. of NNE. Variable. 
g [Up NW. off N. b. E. Wore fhin, Balanced the miz. & fet it. 
10 [Up NW.b.W. of WSW. 
11 [Up WNW. off SW.b.W. Set the fore-fail. 
12 | 3 WSW. Eaft. |More moderate. 
ri st Set the main-fail. 
275 
345 : : 
415 Moderate wind with rain. 
514 Set the top- fails. 
6 | 3 ; | 
7 13 W.b.S. Let a reef out of the top-fails, 
813 Welt. Moderate wind with rain. 
9] 3 
10 | 2 Let out all reefs. 
1m | 2 . 
1z | 2 The Groyn Lights, SE. b. S. 40rs lea. 
Courfe.(Dii.J D. L. Dep. | Latit. in.J/Long.made earings and dift. at noon. 
S.52°W] 401 24.7 | 31£ [43°48'N.| 5°45 W. [Ramb.N.31°K. ditt. 1521. 
In working the Icg. for thele 24h. it The Traverse TABLE. 


is neceflary to remark that 34 points [True Courle.iDift. 
are allowed on the S. b. W. courfe, be- 
caufe both top-fails are handed: the 
like quantity is allowed on the NNW, 
courfe. 

When a fhip is brought to, as it is 
nfually expreffed, the tiller is put clofe 
over to leeward, which brings hes head 
round to the wind. The wind hav- 
ing ther yey little power on the fails, 
the thip lofes her way through the 
water, which Ceafing to act on the rud- 
der, her head falls off from the wind, : 
the fail which fhe has fet fills, and | Diff. of Jat. 24’ 7 31, 

. gives her frefh wey through the water; { Latitude from 44° 13 N. 
which ating on the rudder brings her | Juatitude in "43° 4893 

head again to the wind: thus the fhip si 

has a kind of vibratory motion, coming up to the wind and falling off from 
it again, alternately. Now the points of the compafs which fhe comes up and 
falls off to, are noted, and put down in thelog, in the manner they are above at 
the hours 8,9, 10, 11, P. M. and the middle poinc between them taken for 
the fhip’s courfe ; on which the proper lee-way.and variation is to be allowed, 
and fuch diftance as fhe may be fuppofed to drive. In the inftances given above - 
6 points have been allowed for lee-way, and the fhip has been {uppofed to drive 
a mile an hour. There is nothing particular in the remaining parts of this 
_@ay’s work : the feveral refults are as put down under their refpective titles. 
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Winds. 





Ho.| K. La Courfes. 


a eae | 








The dip. of the Horizon * 22% 

Refraction (55) 

Sum 4 47 
* The fun’s femi-diam, 15 48 
- “Difference 


Ir 
App. alt. @’si.l 66°23 oS. 
True alt.©’s center 66° 34 1 


Sun’s zenith dift.. 23 25 59S. 
Sun’s declination 20 9 11N. 
Latitude obferv. 43 35 10N. 


The latitude, by account, differ- 
ing 9 miles from that obferved, the 
reckoning muft be corrected, as_in 
the following operation. 


Ss WW 
€ the zoth. 67,2 11,3 
of the aft. 24,7 3155 


zy ae 22d. __ 410 _1,6 





Remarks on ¥, July 22d, 17972. 












es SEE Se 











I Calm and cloudy. 
2 | 

3 z 

Ship’s head round the comp, 

6 | _ 3 

5 J 2 Calm and foggy, 
g|! S.b. E. -|SW.b.W. 

Io | 2 

1z | 2 : 

2/1 Little wind, and foggy. 
r{2 NW.EN. | Variable. - 
2|2 
3-| 3 : 
4.| 3 | ‘2 - |Ditto, and hazy. 

5 | 2 NNW. Wek, 

6} 2 : 

8 | 2 Ditto, and fine weather. 

g\2 

10} 2 : 

11| 2 7 . 
Az 2 ed sas Mer. alt. © si. 1. es S. 





The Traverse TAaBte. 





True Courfe. { Dift.| N. EK. | W. 
SE. tE. 6 Pa 3.8) 4,6, — 
NW. 11] 7,38| — bie 758 
NNW.:W. 41 35)/—1— 1] 19 


S.b. E. ZEB. ] 12 | — (11,5 3,5) — 


11,3/15,3} 8,1] 9,7 





1153] 8,17 
Difference of latit. 4’,0 1,6 
Latitude from 43°48N, 
Latit. by account 43 44N. 


95:9 444, thefe give the courfe S, 25°W. : confequently 
the ecient muit be made by Cafe 1. Art. 81. 


Latitude from 45° 20’ N. 


Latitude in 
True dif. lat. Pes 


a oa 


and the Ram-head will be found to 


N 


= 45° 


Courfe 


Meridional parts 3058,3 
s N. Meridional parts 2g11,2_ 


Dif.oflon. 1° 82’W. 


Merid. diff. lat. 147,1 
S. 25°W. § Long.rgth4 4435 W. 


Longit. made 5 53 W. 
bear N. 31°E. and be dift. 157 leagues, 
Fournal 
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ouries. | Winds. Remarks on 2, July 23d, 1772. 


&e 


WSW. | NNW. |Moderate wind, and hazy. 


tio. 











ED ELITR 
North. |Ditto weather. Fe 


N. b. E. |Cape Finifterre SSW. 6 or 7 leagues. 


~” 
x 


Weather as above. 


Moderate wind, and fying clouds. 


About } paft 6 A. M. ob. the dift. of the 
neareft J, of the © and p 84° 34° 25” 
App. alt. ©’s 1. 19° 153’, the app. alt. 
of the )’s u.l. 59° o0%’. Hence the 
lon. of the fhip by thefe ob. is 10° 8°W.. 
Error of the acc. in long. 483° too much. 
12 Merid. alt. @’s 1. 1. 67° 28S. 
Courte. |Dil.|D. L.[Dep.; Lat. in. |Long. made.[Bearings and dift. at noon. 
3.234°W.| 89 } 78 | 42 1g2°18°N. 6° so’'W. ~_N. 30° B. dit. 186h. 
‘he thip going large the whole 24h. nolee-{ The Traverse TaBLe. 
way is to be allowed in working the log. True Courfe. Dit.) SclW. 
In deducing the longitude of the thip from | 
the obferved diftance of the fun and moon, SW. 24 
the fun’s femi-diameter found in the Nautical SSW. 66 |61,0|25,3 
Almanac is 15° 48”, that of the moon 14’ 55”, 78 
and its augmentation, according to the alti- |Diff. of lat. 178 ,0|4223, 
tude (56) 44”; hence the apparent diftance of} 1185. 
sheir centers was 85° 5’ 22”, the apparent|Latitude from 43, 35, N. 
altit. of the {un’s center was 19° 27’, and that |Latitude in 42 17N. 
of the moon’s 58° 41’: and it will be found —————CS— 
(109) that the arch a was 25° 34’, the firft correCtion + 2’ 13”, the fecond — 
34°00”, and the third--1”. The true diftance was theretore 84° 53° 36", 


WO BIANAL KAD Ges cue ans aas | 
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_ 10 
® | 


bad 
= 
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Cc 









and (110) the time at Greenwich 19h. 14m. At this time the fun’s declination 


was 19° sg 36” N. and by working the log up to + paft 6 A. M. the latitude 
will be found 42° 42’N. and, laftly, the true altit. of the fun was 19° 24’ 24”: 
hence the time at the fhip was 18h. 33m. 22f. and the long. 10° 92’ W. 


It will be found, on working the log, that the fhip made 44’ W. diff. of _ 


long. from noon, the preceding day to + paft 6 A. M. which gives 6° 37’ W. 
for the long. made at the time of obfervation; add the long. of the Ram- 
head, 4° 23° W. and their fum, 10° 58” W. 1s the long. of the thip by account ; 
confequenily the reekoning of long. is too great by 438’. 

Again, becaufe Cape Finifterre bore SSW. by compafs at 8 P. M., the 
fhip was then under the fame meridian. By working the log up to that time 
the long. of the fhip was 10° 373’ W. which 1s the lonp. of Cape Finifterre by 
accoant,t nd allowing 48%" for the error of account, there will remain 4° 
49’ W. for the long. of Cape Finifterre by the obfervation. 
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Journal from England toward Madeirae 
{Ho.1K.| F.| Courfes. | Winds. Remarks on 9, July 24th, 1772. 
1]. 6/°> | SW. Brifk wind and clear weather. 
2| 6 . 
3| 6 
4| 6 Weather as above. 
5} 6 | 
6} 6 
7| 7 Obferved azim, ©’s cent. N. 50° 19” W. 
81 7 & the alt. of his 1.1. 7°56’, var.20°9’W, 
g| 6) 6 Weather as above. . 
10] 6] 4 * 
11] 6] 3 
12] 7 Ditto weather, 
1) 7 
2| 6] 4 ~ 
3} Oo; 
4| 6 Ditto weather. 
6 
2 6 About 2 paft6 A. M. ob. ditt. limbs fun 
71 6 &) 73° 13/54”, alt. O11. 20° 25° 4 altJ. 
8] 6 of )’s u.1.64° 41’4. long. ded. 1 1°25 
g| 6 Brifk wind and clear weather. [3 W. 
to! 6 3 
11 6 
12| 6 Merid. alt. fun’s 1. 1. 65° 31/ S. 


Courfe. | Dif.) D. L.[Dep. | Lat. in. | Long. made. 
S.25°W l1sol 136 | 632] 40° 2’N.| 82 14’ W. 

1. At 7h. fhip’s ume, it was 72h, at 
Grecawich (57) confequently the Sun’s decl. 
from the Nautical Almanac was 19° 53’ N. 
The correéted alt. of the fan will be found 
8° 1’, and the lat. of the fhip, by working the 
Jog up to 7h. 41° 39° N. Hence the true azi- 
muth was N. 70° 28’ W. and the variation of 
the compafs 20° 9g W. And, allowing this 
Variation, the work of the log for the whole 
ef will be as in the margin: the two lati- 
tudes agreeing exatly. 2d. By working the 
log up to 2 paft 6 A.M. the lat. of the thip at 
that time will be found 40° 32’ N. and the 
long. corrected according to yeiterday’s obfervation 11° 23° W. The eftimate 
time at Greenwich will hence be 19h, when the Sun’s femi-diameter, in the 
Nautical Almanac, was t 5° 48", that of the Moon 15’ 2”, her horizontal pa- 
rallax 55’ 11”, and the augmentation of her diameter (56) 14”. Hence the 
app. alt. of the @’s cent. will be found 20° 37’, of the Moon’s 64° 22’, and 
the app. dift. of their centers 73° 44’ 58”. From thefe dara, the arc a (109) 
will come out. 30° 172’, the if correction of the app. dift.+2’ 77, the fe- 
cond—s’ 38”, the third+-o' 1”, and, confequently, the true dilt. 73° 41° 28”; 
which gives (110) 1gh. 28’ 25” for the app. time at Greenwich when the dift. 
Of the ) and © was obferved. At this time the declin. of the Sun will be 
found 19° 47’ N. with which the lat. of the fhip 40° 32’ N. (as above) and 
20° 35°. the Sun’s true alt. the time at the fhip will be found 18} 42 25°: the 
diff. of thofe times is 46’ o”’=11° 30° W. the long. of the fhip, and therefore 
the error ef account is by this‘obfervation 47’ too much. 
~ VoL | Cec A Fournas 


Bearings and dil. at noon. 
Ram-h.N. 2g?lu.dsf. 236 I. 
The Traverse TAaBee. 
True Courle.(Di.f S. | W. 

S.25°,W. I150!135,9163,4 
Diff. of lat. 2°16°S. 
Lat. from 42 18N. 2806,0 
Lat. in 40 ozN. 2625,3 
Diff. of long. 1°24°W. 180,7 
Long. from 6 50 W. 

Long. made 8 14 W. Hence 
the Ram-head bore N.29°E 
dif. 235 leagues. 
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Feurnal from England toward Madeira. 
Ho.|K.} F. | Courfes. | Winds. Remarks on }y, July 25th, 1772. 
t r SW. NE. | Brif wind and clear weather. 
2 ; 4 
3 4 
419 Ditto weather. 
$| 7 
6) 7] 2 
7 
8 : ' Brifk wind and hazy. 
9) 7 2 
10] 7 
t1] 6] 4 
1z| 6) 3 Ditto weather. 
1] 6] 4 
2| 6] § 
3| 6] 4 
4| 61 4 Ditto weather. 
5 6} 2 
6 
7| 6 
8] 6 | Brifk wind and cloudy. 
9| 6 SW. b. W. 
10| 6 
m1 | 6 SW. b. S. 
12| 6 


Ditto weather, mer. alt.@’s I. 1.71° 40'S. 
Long. made.|Bearings and dift. at noon. 
“3° 39 W. |Ramh.N. 28}° E.dif.288le. 
The Traverse TAaBLe. 


S.25°Wl156| 142) 66 437°40 N. 
This Day’s work will ftand as follows : 































Dip of horizon (55) 4 22” |Dif.|_ S. | We 
Refraétion (55) o 18 100 | 90,63/42,26 
aie Abe 
un’s femi-diam. 15 4 , ,0 
Difference , bi 08 2 11,6 2190 
App. alt. ©’s 1. 1. 71 40 OOS. 2)|141,89 66,16 
True alt. center 7 §3 08 S.25 W. | 78 | 70,94|33,08 
Zenith diftance 88 8 525. 2 
Sun’s declination 19 30 56N. _ Diftance  *156 
eee in 37 39 48 N. Meridional parts 2443,0 
atitude from 40 2 ON. Meridional parts 2625,3 
Diff. of lat. obferved 2 22 12 Merid. diff. of lat. 182,3 
Half the diff. of longitude 424’ half Q1,15 
Difference of longitude 1° 25 W. 
Longitude from 8 14W. 
Longitude made 9 39 W. 


Lat. Ram-head 50° 18° N. Meridional parts 3502,6 
Lat. of the thip 37 40 N. Meridional parts 2443,0 


Prop. dif. of lat. 12 38 Merid. dif. of lat. 1059,6 Long. madex=9,39 


One-tenth part 7538 105,96 5799 
One-tenth of dif, 86,5 milcs Bearing N. 284° E. 


Whole diftance = 288 leagues. 
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Courfes. | Winds. Remarks on @, July 26th, 1772. 








Ss 






[= 





K. 
1 6 SW. NE. Brifk wind and cloudy. 
2; 6/4 
3] 61 4 doh 
4 ? 4 Brifk wind and cloudy. 
5 4 
6 : 4 - Variation obferved by azimuth 17° #1’W. 
7 | 
8] 6 é Brifk wind and cloudy. 
9| 6) 4 
10] 6} 3 
11] 6) 3 
12| 6] 4 Brifk wind and flying clouds. 
1) 5) 4 
21 5| 4 : 
31 514 Ditto weather. 
4| 51 4 Atam.16f.after 4 A.M.by wa.ob.dif. far. 
5| 6 1. of the p from a Ariet.40° 3343”, alt.o 
6| 6 aAr.65°56',& that ofthe) ’s 1.1.29°432". 
7| 6 . At6.32m.44f.bywa.alt.©’s l.l.was16°5 3”. 
8] 5} 4 Weather as above. | 
9| 5,2 Saw a fail in the NE. quarter. 
10| 5} 2 


min 


Oo Ditto weather, mer. alt. ©’s 1.1.73° 36/S 
Courfe. |Dif.|D.L.|Dep.| Lat. in. | Long. made. Bearings and dift. at noon. 
10° 12} | 


28°W .1ac ° TN. W .|Ram-head N.27°. diit. 332 leag. 
{S28°w.'t4sl 128! 68135" 305 N Funchal S.36° W.dift.72 leagues. 


The Traverse TABLE. 







The merid. alt. obferved this day gives 35° 
30¥ N. for the lat. The true diff. of lat. ob- 











ferved is therefore 129,7, which, with the dep, | rue courfe.| Dit] S. | W. 
68,1, gives S. 27° 3 W. for the true courfe 3 |——~- ~~ |— | "| — 
and this courfe with 161,4, the true merid. S. 28° W. | 145]128,0] 68,1 


diff, of lat. gives 8¢ for the diff. of long. W. | Diff. of latitude 2 8S. 
‘The long. made is therefore 11° 4’ W. Latitude from 37 40 N. 
In order to deduce the true long. of the fhip |) 3 by account 3022 N 
from the obferved dift. of the moon from «| 97 “COUN 35 32 N+ 
Arietis, the app. time found from the alt. of the Sun at 6h. 32m. 44f. A. M. 
was 6h. 29m. 32f. confequently the watch was 3m. 12f. too faft, and therefore 
the app. ume when the dit. was obferved was 3h. sgm. 4f. or 15h. som. af. 
Ffence the time at Greenwich was 17h. at which time the )’s horizontal pa- 
rallax was 56° 26”, her femi-diameter 15’ 22”, its augment. according to her 
alt. 8”, and confequently the app. dift. of the ftar from the )’s center was 
4o° 18’ 13”, the app. alt. of her cent. 29° 55°, and that of the ftar 65° 52”. 
Hence the arch a comes out 38° 38’, the ‘rf correction—19”, the fecond— 
44 54”, and the third +3”; therefore the true dift. was 39° 33’ 03”, and 
(110.) the time at Greenwich 16h. gsm. 36f. the diff. between which and 
the time at the fhip, found above, is 56m. 32f—=14° 8’ W. But by working 
the log up to half paft 6 A. M. the time when the Sun’s alt. was taken, I find 
the long. of the fhip by account was 15° 8’ W. the. error of account is there- 
fore, by this obfervation, one degree too much. By the firft obfervation it 
was 484’, and by the fecond 47’; the mean. of the three is 513. It may hence 
be concluded that the true long. made this day at noon was only 10° 12)’ W. 
‘The bearing of the Ram-head will therefore be N. 27° E. dift. 332 leagues, 
and that of Funchal in Madeira, the lat. of which is 32° 36’ N and long. 
37° c6' W., S, 36° W. dift. 72 leagues. 
7 Cc2 Fournal 
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Ho.'h. Couries, | Winds. Remarks on ), July 27th, 1772. 

i ce 4 SW. NE. |Moderate wind and cloudy. 

2; 5), 4 

3/5 SW. b. S. 

414] 6 Ditto Weather. : 

§| 41] 3. | 

61413 

7/4 {6 

8\ 4] 6 Weather ftill as above. 

9,415 
to 4] 5 
May § , 
1z' 4] 5 Modcrate wind and hary. 

1} 5 

215 

3; 4 

4i4 Ditto weather. 

| 4 

6| 414 

L ©) 4 ; 

8 4] 2 Moderate wind and hazy. 

9.415 At gh. 13m. 4f. by watch the ale of the 
to; § | Sun’s |. |. was 48° 532’, and the az. of his 
iri 4 | 3 cent. S.63°E. Atirh. 45’ 19” the ale. o 
12! 4 | 6 his I. 1. was 74° 31%. Cloudy weather. 


Couric. {Du D. L.| Dep. Latit. in. | Long. made. Bearings and ditt. at noon. 
c18:Wrt6) 110 | 34,7133°40 N| 10° 562’ W.|Ramh. N. 252°R. dilt. 3691. 


Allowing 17° W. variation, the traverie ta-]| The Traverse TABLE. 

































ble will ftand as in ye margin where the lat. |"True courfe.JDift.l S. | W. 
by account is 33° 44 N. : hate be 

” The fir ft oF the ahinides taken this fore-| 9 25° Ww. ie eA Ue 
noon, when corrected for dip of the horizon, S.17° W. | tor | 96,6)29.5 
refraction, and femi-diameter, will be 49° 47°: 106,3| 3457 
the angle comprehended between the Sun’s|Dift. of lat. 1° 40!’ S, 
beiring at that time, and the courfle by com- Lat. from 35 302 N. 


pats, is 97°; which, with 12 miles, the dift. 
run between the obfervations, give 12 diff. of 
lat. to be fubtracted; and therefore the firft altitude, when reduced to what 
it would have been if obferved where the fecond was, will be 49° 3°. The 
fecond alucude, when corrected for dip, &c. will be 74° 42’; the interval 
between the obfervations zh. 32m. gf. the lat. of the fhip by account at 
the fecond oebfervation was 33° 45° N. and the Sun’s declination 19° 42’ N. 
Hence (75) the true lat. of the fhip, at 3 paft a1 A.M. will be found 33° 
4\ N.: and as fhe made about a mile of fouthing afterwards, the true lat. of 
the {hip at noon was 33° 40° N. According to this, the true diff. of lat. was 
¥10,3, with which, and tie courfe 18° W. found with the diff. of lat. and de- 
part. by account, find the dill. ri6m, This courfe, with 134,0, mer. diff. 
of lat. gives 43%’ for the diff. of long.; and, therefore, taking the long. made 
yefterday to be 108 133° W. as corrctted by the lunar obfervations, the long. 
made this day will be 10° 563’ W. and hence the Ram-head bore N. 253° E.. 
and was dift. 369 leagues. 


Lat. by account 33 44 N. 
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Courfes. }| Winds. 


SW. NE. 
W.b. S. 





Remarks on of, July 28th, 1772. 





















Moderate wind and hazy. 






Moderate wind and clear weathers. 


Land feen from the maft-head, which we 
take to be Porto San@o. 
Weather as above. 


& bP NN OCGA} WYN 





Weather the fame. 
Moderate wind and hazy. 


Porto San&to N. W. b. N. 
Weather as above. 
Porto Sano North. 





OMY AMPY HH EA GO ON OMewee | 





W b.S. | NNW. 








PP WWWWH WWW & NW DW S&P DW WWW P 












10 

11 At noon Porto Sanéto NE. ZE. Fenchal in 
12 | 4] 3 Madei. SW. b. W. Mer. alt. @.’s¥.1. 75°50°S. 
Courfe.}DifiD. L. Dep. | Lat.in. | Long. made. { Bearings and dilt. at noon 
3542.89 | 53d | 73. 132°q82/N| 12° 232° W.| Funchal S. 39° W-dilt. 5 lea. 














In working the log. for thefe-24h. 17% of | The TRaverse ‘LAaBLE.. 
weit variation are allowed, and ane — ea True courfe.|Ditt[ 3. | W. 
lee- way on the latter W. b. S. courfe, becaufe : —= 
the fhip was then only feven points from the = rs ee ie sa Fiske 
wind. The traverfe table will be as in the | o J. yy a : ge 
margin, where it appears that the diff. of | o é Ww. : es x °5 
Jatit. by the dead-reckoning will be only | ¢ 24 w. 7 5 [2995 

. wherezs, by the obfervation, the fhi 4 . 74 995 
37,7m. where2s, by ¢t O ’ P = 
has made 51,5 m. the latit. obferved being a 
32° 482 N. ‘Vo correét this, I find the courfe made good, according to the 
dead-reckoning, is S. 623° W., the correGtion muft therefore be made by 
Cafe II. (82). Now aguinft 51,5, the diff. of lat. by obfervation, in the co- 
Iumn of ditt. of latitude, and againft 72,7 1n the depart. column, ftands 89, 
in the dilt. col. over 544® for the courfe. Fhe fum of the lat. trom and lat. 
an is 66° 282’; half of which is 33° 143’, the middle lat. and the compt. of 
this is 56° 452’; over which, as a courfe, and again 72,7, depart. ftands 87 
in the dilt. col. for the diff. of long. and, confequently, the log. made this day 
at noon Was 12° 233‘ W. Hence the Ram-head bore N. a7%° E. and was: 
ditant 394 leagues, 

Again, Funchal, which is in latit. 32¢ 37’ N., bore SW. b. W. by compafs ; 
that is, S. 39° W. true: and, the latit. of the thip being 32° 483’ N, the diff. . 
of Jat. was 11,5, and the meridional diff. of lat. 13,7: the fhip was therefore 
36 m. dilt. from thence; and eaft of it in long. 1543 canfequently the longit 
of Funchal, by this account as 16° 56’ W. of Greenwich, 

| Ce3 APPENDIX, 
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Containing the Principles, upon which fome of the preceding Precepts 
are founded, 7 


124. I. The Theory of Dovis’s Quadrant. Plate XIV. Fig. 9. 

To fhew that the arcs pF-+ Hc make the zenith diftance. 

The line Au is horizontal. 

Therefore the arc /sH =height of the Sun above the horizon. 

Now the arc fBH =arc FE+ BH. 

Alfo the arc dfc=go° ;=alt. and zen. dift. taken together. 

Therefore the zen. dift. arcs fd +Hc=marc DF-+ HC. 
125. Allowing the Sun’s femidiameter in ufing the Shade vane. Fig. 10. 

AB reprefents the Sun, the center of which is c, and its rays pafs over 
the top of an upright wall pe. It is evident, that no part of the Sun can 
be feen from 2, and that the whole can but juft be feen from 4; the fhadow 
will therefore begin to terminate at @, and wholly end at 4, going off gra- 
dually from total darknefs at a to total brightnefs at b, neither the be- 
ginning nor end of this penumbral part being perceptible ; confequently, 
neither the upper or lower limb can be obferved accurately ; but we fhall 
be able to come nearer to one or the other, the brizhter the Sun fhines. 
On account of this uncertainty, feamen are obliged to take the middle 
Point between thefe, which gives the altitude, or zenith dift. of c, the 
center. Nothing, therefore, muft be allowed for the Sun’s femi-diameter. 


¥26. II. Of the Theory of Hadley’s Quadrant. 

To what has already been faid of this moft excellent inftrument, it has 
been judged proper to thew alfo, upon what principles it is conftructed. 

A ray of light aB falling on a mirror, or po- . 
lifhed plane, EF, will be reficcted in the line Bc, 
fo that the angle of reflection psc, fhall be equal 
to the angle of incidence DBA, DB being perpen- 
dicular to EF: or Z FBA is equal to 2 EBC. 

Let the angle of incidence pBa, be 30°, the 
angle of reflection pec will be 30° alfo; and the 
like in other inclinations, | 

If, while the radiant A remains in the fame 

lace, the mirror EF, by revolving round B, moves 
into the- pofition fe; then the alteration in the 
angle between the incident and refleGted ray, will .. ..... 
be double the angle fhewing the change of pofi- ' 
tion in the mirror. | 

Suppofe the mirror changes 10° from the radi- 
ant, then the perpendicular Bp goes 10° farther 
from the radiant A, into the pofition Bd; and the 
incident angle adBa is 40°; and the reflected an- 
gle dgc is 40°; fo the angle Asc is altered from 

00° to 80° ; a difference of 20°, for 10° change of 
pofition in the mirror, 

Suppofe the mirror to change in pofition 10° 
towards the radiant a, then the perpendicular 
is changed into Bd, 10° nearer to the radiant, And the angle Daa 


i) 











NN 
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of 30° becomes dea of 20°= Adac; fo that the angle ABc 1s 40°, 
whereas ABC was 60°; that is, by altering the pofition of the mirror 10° 
the angle asc was altered 20 degrees. 
_ The following propofition was received from a friend: ¥ 
129. With a Hadley’s quadrant, : 
the angle of elevation under which 
the objec? 18 feen, is equal to twice 
the arch the index has paffed ever. 
The inftrument or angle acs, 
is 45 degrees: ab is a reflecting 
glafs fixed parallel to ca: cD is 
the index, with the reflecting glafs 
at G, fo fixed as to be parallel to 
ab, when cp coincides with CB: 
© the Sun, © G a folar ray re- 
fie&ted from G to ¥, and from F 
to £, the place of the eye ; 
uFe the horizontal line at the time of the obfervation. 
Then is the angle of elevation 1G0 equal to twice the angle Bcp. 
For the reflected Z pcF=incidentZ OGc= ZLCGL. (1. 93) 
And the reflected 2bFeincidentLaFG=ZFLE=ZFEL. (1.95) 
Now Zigc=(ZHPc=(ZPCE+(Z2PEC=ZFLE=)ZLGCL+ LCGL. 


(I. 96) 





Or (Ziec=(Z1IGO + 2ZOccC=2Z2BcD+ LCGL; 
ThenZicgO =2ZBCp. 


128. ‘Ill. Of the Dip of the Horizon. Plate XIV. Fig. 12. 

The eye being raifed above the level of the fea obferves an horizon be~ | 
low the level of the true one. | 

Thus let asf be the furface of the fea, es the height of the eye above 
that furface, and AF the obferver’s horizon. ‘Then the eye looking along 
va for the horizon which dips below the true one by the arc aa, the ap- 
parent altitude @B of an object B muft evidently be leflened by the arc aa. 
But if the obferver has his back towards the object B ; then Jooking along 
the line Ef, the apparent horizon now becoming the line fz ¢, and dip- 
ping below the true one by the arc F J, Of Ac; itis plain the apparent 
altitude ¢ B is too little, and muft be augmented by the arc Ac=P/, 

Confequently in the fore obfervations, the altitude muft be leflened b 
the horizontal dip; and in the back obfervations, the altitude muft be in- 
creafed by the dip; but in zenith diftances, add the dips forward, agd 
fubtraé&t them backward, ~ 
129. To compute the Horizontal Dips. 

Let c be the earth’s center, E the eye, and the tangent Ef meeting the 
furface in f, where the fky and water feem to mect; then c ths is a tri- 
angle right-angled at f, in which are known c f=cs= 208990509 feet, 
the Earth’s femidiameter; and ce=(cs-+se) the height of the eye 
added to the Earth’s radius: Then as ce: rad.:: cf: fnicef the 
complement of which is the 2 FEf, the dip fought. 


© Mr. William Payne. 
Cco4 130. 1V 
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130. | IV. Of Refraftion. 


a 

Celeftial objects, the nearer they are to the horizon, are feen through a 
larger portion of the atmofphere, and confequently have a greater quan- 
tity to be allowed for refraction, than when they are feen with greater al- 
titudes. 

lauvles of refration have been given by many aftronomers, but that 
which is efteemed the moft correét, was formed from the obfervations of 
the late celebrated Dr. Bradley; who alfo found a rule for correcting 
common tables of refraction: which ts, 

Increafe any given altitude by thrice the refraction on that altitude. 
_ ‘Then to the Jog. co-tangent of that fum, add the log. 1,75587. 

The fum leflened by 10 in the index is the log. number of feconds in 
the refraction ; which is more correct than the table. 

Here 1,75587 is the log. of 57” the mean refraction on an alt. of 45°. 

This rule is fitted to a mean warmth and weight of the atmofphere, 
viz. to the height 50 in Fahrenheit’s Thermometer, and to the height 29,6 
of the Barometer. For other ftates of the air, Dr. Bradley gave a rule 
for a farther correction ; but it is apprehended, that neither of thefe cor- 
rections nced be applied to the table of refractions, for any obfervations 
but fuch where there is wanted a precifion not to be obtained at fea. 


131. V. Demonflrations of the Rules at Articles 60, 61, 62. 
See Plate XIV. Figures 13, 14, 15. 


Let the circle HZRN reprefent the meridian of the place, HR the hori- 
zon, and z its zenith or pole: let Ps reprefent the axis, P be'ng the 
north, and s the fouth pole ; thg line EQ the equator, © the place of the 
Sun, the are 2 © the zenith a anes. and E © thedeclination. 

Now the Jatitude is exprefled either by the height of the pole above 
the horizon, or by the diftance of the equator from the zenith; confe. 
aed the arc RP (=Hs), or the arc zE, being known will give the la- 
titude. . 

But the arc ze is always equal'to the fum of the arcs z @ and E © 
when of contrary names ; or to their difference when of the fame name. 

When the objcét does not fet, its Icaft altitude R © added to the are 
©, or co-declination gives RP, the height of the pole above the herizon, 
or the latitude fought: the fame may be underftood, were the leaft al- 
titude above the fouth point of the horizon to be obferved. Fig. 15, 132. 
Hence it will be eafy to conftruct any of thefe cafes. Thus: 


Set the zenith diftance from z, to the left if fouth, but to the right if. 


north ; aid this gives © the place of the Sun. 
Set the declination from @, to the right if fouth, but to the left if 
north 5 and this gives E the place of the equator. 
Then drawing the diameter EQ, and the diameter ps at right angles 
to EQ, the latitude will be north or fouth, according as P or s falls 
above the horizon. 9° | 


if 


133. VI. 





/ 
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133. VI. Of Facio’s Problem. 


In the year 1728 Mr. Nicholas Facio Duillier, F. R. S. publifhed a 
pamphlet, intitled, Navigation Improved, in which he confidered more at 
large, than had been done before, the problem for finding the latitude 
from two obfervations of the Sun’s altitude out of the meridian, with the 
time between them, which he ftates in the following terms. 


134. PR QBL E M. 


To find the latitude, by two altitudes of the Sun, and the time between 
them, fuppofing the obfervations to have teen made from the fame place, or 
from different places, whether at fea or land. And likewife to find the hours, 
and the Sun’s azimuths, at the times of both obfervations. | 


Thus he propofes exprefsly to diftinguifh between the cafe, when the 
two obfervations are made in the fame place, and when, by the motion 
of the fhip, in the interval between them, they are made under different 
zenith’s ; which does not appear to have been attempted before. He alfo 
_ extends the interval of time between the obfervations farther than is 
ufually done, not confining them within the compafs of one day; but 
maxcs them fo remote, that,the change in the Sun’s declination may be 
neceifary to be taken notice of. 

His method of proceeding is this : 

_ Suppoling P the elevated pole, a and B the two places of the Sun, and ~ 
AP, PR, AB, arcs of great circles paffing through the points P, A, and B. 
Then if_pa be the diftance of the Sun from the pole P in the firft obfer- 
vation, and PB its diftance in the fecond, the angle APB correfponds to 
the time between the obfervations, whether be 

that anzle reprefents the whole interval of * 
time, or only its difference from one or more 

entire days, z alfo denoting the zenith of the 
place, when both the obfervations are made 
under the faine. 

Here, if the interval of time be large, ap 
may be different from PB. Therefore in the 
triangle APB from aP, BP, and the angle APs, 
he finds the fide AB; then from the three fides AB, BP, and AB, either of 
the angles PAB, PBA may be known; alfo from az, zB and Ap inthe 
triangle azs, either of the angles agz, BAz; and in the laft place, from 
thefe angles with ABP, or BAP, may be deduced the angle zap or zp, 
whence in either of the triangles pAz or PBz, PZ may be computed, the © 
diftance of the zenith z from the pole. . 

He likewife farther propofes to compute the angles apz, EPy for af- 
figning the diftance of each obfervation from noon, in order to determine 
the time of the day when they were refpectively made. 

All theie trigonometrical operations he performs by one, axiom (See 
Art. 251. Book IV.) in the doétrine of {pherical triangles, which had 

“ 7 re 





been 





been applied by others alfo, not only to the finding of an angle from three 
fides piven, but likewife to the computing of the third fide from two fides, 
and an angle between them. 

But when the fhip is in motion, z is not to be confidered as the zenith 
of the fhip in either obfervation. However, in the firft obfervation the 
fhip’s zenith will always be in a circle defcribed on a, as a pole, and with 
the interval az, fuppofe in x, and in the other obfervation wil] be ina 
circle defcribed to the pole swith the interval Bz, fuppofe in y, the arch 
x y denoting the fhip's courfe, making with the meridian of the firft ob- 
fervation the angle P x y. : 

This angle’p x y, ard the length of the arc x y are to be affigned by the 
compafs and log-line. 

Now when the fhip has been in motion during the interval between 
the obfervations, and thefe two additional data are added to the altitudes 
of the Sun, and the interval of time, Facio proceeds thus : 

Having found the point z, as before, he computes in the triangle 
AzP, from AP, AZ, Pz, the angle Azp; alfo in the triangle BzP from 
BP, BZ, PZ, the angle Bzp, and from the angles azp, Bzp, the angle 

» AZBy which (the angles azx and szy being both right) will be equal to 

ZX | 
: Then fuppofing the diftance run x y to be fo fmall an arch, that the 
triangle x z y may be confidered as reCtilinear without any fenfible error; 
and alfo that the angle x Pp z is fo fmall, that x y meeting P z in v, the 
angle pv y may be affumed, as not fenfibly differing from the angle of 
the fhip’s courfe ; whence the angle BzpP having been computed, and 
thence the angle y z v known (B zy being a right angle) from the angles 
yzuandzuy, the angle zy x, which is the complement of the angle 
which the fhip’s courfe makes with Bz, will be known; then from the 
angles x zy, Z y x, together with the fide y x, he finds the fidez x; and 
laftly, in the triangle px z from x z, Z P, and the angle xz Pp, the fide Px 
is found for the complement of the fhip’s latitude at the firft obfervation ; 
as alfo the angle z p x, and thence the angle a p x, the diftance of the ob- 
fervation with the Sun in A from the meridian, in which that obfervation | 
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was made. 
And farther, Facto confidering this computation, though it came 
very near the truth, as an approximation only, from the aflumption of 


_ the angles yxp, and zu, as equal, and the triangle z x y as rectilinear, 


he proceeds to correct the Jatitude, and the angle x Pz thus found, as 
follows : 

He zffumes at pleafure two values for 
z x (or rather for the arch of a great circle 
paffing through z and x) one fomewhat 
greater, and the other fomewhat lefs, than 
the vatue of zx now computed. Then 
for each value of zx, he finds in the tri- 
angle pxz from the fides Pz, zx, and the 
angle pz, the fide px and angle xP235 
and in the triangle pxy from Px now 


| 
found with x y, and the angle p xy given from the courfe and diftance 
A 





sun by the fhip from x to y, he computes Py, and the angle x P y. hen 
_ | om 
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from the angles xpz, xPy finding the angle ypz, and thence ypz, 
at length in the triangle 8B Py from PB, Py, and the angle B Py com- 
putes By. | 

If By, thus computed, comes out equal to Bz, then is the value of zx, 
whence it is deduced, rightly afflumed ; but if the value in both the com- 
putations differ from the truth P x, and the angle zpx are to be corrected 
by the fimple rule of falfe pofition. 

But this method of Facio is attended with an operofe calculation, even 
though the fecond correction, which will always be but fmall, fhould be 
meglected. And the expedient propofed by Mr. Graham {Philofophical 
Tranfa&tions, N° 435) of obferving by an azimuth compafs, the angle 
which the fhip’s courfe makes with the azimuth circle of the Sun in one 
of the obfervations, which has been explained above (Book IX. Article 
#6) is much more fimple. : 


135. VII. Of Mr. de la Caille’s Scales. 


As the preceding methods of computing the true diftance of the Moon 
from the Sun, or from a fixed ftar, requires a calculation, by fome fup- 
pofed too operofe for mariners in general to be eafily reconciled to; an 
inftrument, accompanied with three compound {cales, is propofed by the 
late able aftronomer, the Abbé de la Caille. TThefe fcales are not de- 
{cribed with fufficient diftin&tnefs to enable -2 workman to make them 
with accuracy; but the firft confifts only of two fcales of natural fines 
fet at right angles to one another, and is neceffary only in his method, 
which requires, befides the diftance of the Moon from the ftar, the al- 
- titudes of that ftar to be obferved a little time before the diftance is 
taken, and both the altitude and azimuth of the Moon to be obferved 
fome little time after, (fuppofing all the obfervations to be taken by one 
perfon.) The other two {fcales are the principal, and are contrived for 
affigning the effect of the Moon’s parallax, and the refraction both of 
the Moon and ftar upon their apparent diftance; and are grounded on 
this principle, that the effet of the Moon’s parallax on the obferved 
diftance, is to the parallax in altitude as the co-fine of the angle between 
the Moon’s azimuth circle and her diftance from the ftar to the radius ; 
and that the like proportion obtains in regard to the refra&tion ef the 
Moon and the ftar. 

If z be the zenith of any place, za the azimuth . 
circle in which the Moon is'at ) ; but by her paral- 
lax appearing in A, and z % be the azimuth wherein 
the ftar is placed at * ; a perpendicular, as AB, being 
let fall on » %& from A; the parallax in altitude, D a, 
will be to ) 8, the effe& of that parallax on the dil- “7 
tance ) ¥, as radius totheco-fine of theanglea DB. 7A 

In like manner if D be the place of the Moon, D pv the efte& of the 
refraction on her altitude, and D c be the effe& of that refraGtion on the 
diftance D * ; D p will be to D c, as radius to the co-fine of the angle 
DD c: and the refraction of the ftar will have a fimilar effect on the dif- 
tance >) *. 





Now 


e 
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Now the triangle z p> being project- 
‘ed orthographically on the circle pafling 
through )°-k, as in the annexed figure, 
jn which FX, Fp are drawn from the 
center F: through z let GHI, perpendi- 
cular to *& F, and KLM, _ perpendicular 
to F p, be drawn; then is Gz the verfed | 
fine, and zH the co-fine of the angle 
z*«G, to the radius GH; and alfo Kz the 
verfed fine, and zu the co-fine of the 
angle 2) 4% to the radius KL ; moreover, 
FH is the co-fine of the arch 2k (=*G), 
and FL is the co-fine of the arch z)p 
(= pK), to the radius of the circle G% ). 

Hence if in any circle lines as Fx, FD, be drawn from the center, 
making an angle % Fy equal to the apparent diftance of the Moon and 
 ftar, and FH be taken equal to the fine of the ftar’s altitude, and Fx the 
fine of the Moon’s altitude; the perpendiculars HG, and Lk, being drawn 
interfecting each other in z, LK will be to Lz as the Moon’s refraétion, 
or parallax in altitude, to their effect on the diftance. And in like man- 
ner GH will beto uz, as the refraction of the ftar to the effect of that re- 
fraction on the diftance of the ftar from the moon. But, moreover, in 
regard to the Moon’s parallax, KL is the fine of the arch ) z, the Nloon’s 
diftance from the zenith, to the radius F D of the circle ; and confequently 
the Moon’s horizontal parallax will be to the effect of her parallax on the 
diftance from the ftar, as F ), the femidiameter of the circle, to Lz. 

Upon thefe principles the two fcales, relating to the parallax and the 
refraction, are to be conftruéted. But the method is attended with this 
inconvenience, that when the arch D & is fmall, the lines Hz, Lz, will 
crofs each other fo very obliquely, aS to make their true magnitude too 
uncertain ; and this the author of the method feems not to have been 
es of, by requiring that the diftance fhould not be lefs than 1a 

CLTEES. 
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136. VII, Of the times of the ol phafes, and the time of High 


ater 


The methods given in Book VI. at Articles 130, 135, 136, for come 
puting the Moon’s age, fouthing, and time of high-water, frequently 
give thofe times many hours wide of the truth, and may occafion fatal 
accidents. It has therefore been judged proper to fhew how the times of 
high-water are to be found more accurately, unlefs when the tides are 
made irregular by ftrong winds. 

In the Nautical Almanac, the firft page of every month contains the 
Moon’s phafes at Greenwich ; which are eafily transferred to any other 
place, the longitude of which is known, by the following 


Rurz. To the Greenwich time of the propofed phafe apply the dif- 
ference of longitude in time (57), and it will give the time of that phafe 
at the place propofed. 


Exam. 1. At what times in May 1773 did the feveral phafes o ike 
Moon happen at Canton in China ? di 
Canton is E. of Greenwich (113° r7/=) 7h. 32m. 

Then the times at Canton for the Moon’s phafes in May 1773, will be 


Full Moon 6d. 12h. 34m. (=6d. 5h. 2m.+7h. 32m. 
Laft Quarter 13 7 ) 
New Moon 28 10 145 | : 


Fir Quarter 29 4 55 


Exam. II. At what times in March 1773 did the feveral phafes of the 
Moon happen at Halifax in Nova Scotia? 


Halifax is weft of Greenwich (63° 31’) 4h. 14m. 

Then at Halifax the times of the phafes required will be 
Firft Quarter rd. oh, 17m. (1d. 4h. 31 m—gh. 14m.) 
Full Moon 8 6 4f 
‘Laft Quarter 14. 22) 15 
New Moon - 22 12 -8 
Firft Quarter 30 37 45° 


350 DAYS WOR K S. Book IX. 


337- Of the time of High-water. 


The times of high-water at the fyzigies are nearly the fame in mof 
places; but the times of high-water from day to day between the fyzi- 

jes do not alter 48 minutes, as is ufually reckoned in pilotage ; the dif- 
ference being fometimes more, fometimes lefs, according as the waters 
are acted on, either by the fum of the attractive forces of the Sun and 
Mooa, or by their difference, confidered in refpe& to the places of the 
Earth and Moon relative to the Sun. : 


The following table * being ufed with the time of either phafe of the 
Moon, will, in general, fhew the time of high-water within a quarter 
of an hour of the truth at any known port, when the tides are not greatly 
influenced by the winds. : 





138. TABLE. 


| OF the correction to be applied to the time of high-water on the frigics, 
! to give the time of high-water on any other day. 


After | Before | After | Before | After | Before | Interv. 
n. moon] rift qu. | rf qu. |f moon {f. moon] 3d que | 3d qu. {n. moon} of 
time. | Addit. | Addit. | Audit | Subtr. | Addit. | Addit. | Adoit. Subtr | “me. 
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If the time’ to be fought in this table is between the hours in the out- 


fide columns, the equation is to be corrected by proportional parts, 


rn 


* From M. de Ja Caille.. 
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139. PROPOSITION I. 

The time of high-water in any port on the fyuigies, or days of new and full 
moon being known, to find the time of high-water in that port on any other day. 
SOLUTION. 

1ft. In the Nautical Almanac, feek in the given month, or in that im- 
mediately preceding or following it, for the time of that phafe which hap- 
pens neareft to the given ve : and take the difference of thofe times. 

' ad: In table (138.) this diff. of time gives an equation, which being ap- 
plied to the time of the fyzigie high-water for the given port (IV. 137) as 
its title directs, gives the time of the afternoon high-water in that port. 
But if the time of the morning high-water is required, 
xft. Do as direéted in the 1ft article above, and increafe the faid diff. 
by 12 hours, if the given day falls before the phafe, ; 
Or diminifh it by 12 hours, when after the phafe. 

2d. The equation to this time (138) applied to the fyzigie time 
(IV. 137) gives the morning time of high-water. 


Exam. I. At Port/mouth, where it is high-water on the fyzigies at 11h. 
x5m.: Required the afternoon and morning times of ligh-water on the 13tb 
of lana and on the 2d of February, in the year 1773. 

ere the neareft phafe to January 13, is Jan. 15d. roh. rom. 

So the time propofed is 2d. roh. Iom. before the 3d or laft quarter. 

To 2d, roh. and before 3d. gh. the equation is 3h. 5m. 

Then 11h. 15m. + 3h. §m.= 14h, 20m. or high-water at 2h. 20m. P.M. 

Again 2d. 10h. 10m. + 12h. =2d, 22h. rom. the eq. to whichis 2h. 44m. 

Then rrh, 1§m.-+-2h.44m. = 13h.59m. or high-water at 1h. 59m. A.M. 

To Feb. 2d. the neareft phafe is the 1ft quarter, on ie 30d. 7h. 53m. 


“nd as Feb. 2d. may be cailed an. 33d. | 
Their diff. or time after the firft quarter, is 2d. 16h. 7m. 
The equation to which is 8h. 26m. 
Then rth.15m. + 8h. 26m. =19h.41m. Or high-water at 7h. 41m. P.M. 
Again 2d. 16h. 7m.—12h.=2d. 4h. 7m.; theequ.to whichis 7h. 50m. 
Then rth, 1§m. + 7h. §0m.= 19h, 5m. Or high-water at 7h. 5m. A.M. 
Exam. II. On the 11th of March 177%, requtred the times of bigh-water 
at Halifax in Nova Scotia, where the fyzigte time of high-water 1s at 7h. 30 
Halifax, is W. of Greenwich (63° 20'=) 4h. 13m. 208 
“The neareft phafe to March 11 is full moon, at 8d. 10h. 55m. 
Which fitted to Halifax becomes . 8d. 6h. 41m. 40f(136) 
‘March 11, is after full moon, 2d. 17h. Igm. its equation is 1h. 35m. 
Then 7h. 30m.-+-1h. 35m. =gh. 5m. P.M. the time of high-water. 
Again ad. 17h. 19m.—12h. = 2d. gh. 19m.; its equation is rh. 18m. 
Then 7h. 30m. + 1h. 18m.= 8h. 48m. A. M, the time of high-water. 


140. PROPOSITION IL 
The time of bigh.water in any pert being obferutd on any day, to find the 
. time of high-water in that port on the fyzigies. 
SOLUTION. 
1ft. By the difference of longitude reduce the given time to Green. 


wich time. (57} 
2d. Take the difference between this time and that of the Moon’s 
neareft phafe. : (136) 


3d. The 


, 
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3d. The equation in table, Art. 138. to this diff. applied to the faid 
Greenwich time, contrary to what its title directs, will give the fyzigie 
time of high water at that port. 


Exam. I. Suppofe the time of high-water was obferved in a port to be at 
sh. P.M. when it wanted 31. 17b. of the time of new moon; Required the 
time of high-water there on the day of new moon. 


Now 3d. 17h. before new moon give an equation of 2h. 41m. 

The column direéts fubtraction, the contrary is addition. 

Then sh.+2h.41m.=7h. 41m. P, M. the fyzigie time of high-water, 
Alfo 3d. 17h. + 12h.=4d. 5h. the equation to which is 3h. rom. + 
Then sh. + 3h. 1om.== 8h. 10m. A.M. thetime of new moon high-water, 


Exam. II. Suppofe on the 19th of Adarch, 1773, at 8h. 11m. P. AF it 
was obferved to be high-water in the river Senegal? What is the time of 
high-water on the full and change days ? 

The river Senegal is weft of Greenwich (16° 20’=) 1h. 5m. 

The neareft phafe to March 1gth, is the third quarter, at 15d. 2h. 29m. 
which fitted to Senegal, makes 15d. 1h. 24m. 7 

The 19th day is after the third quarter, 3d. 223h.; its equation is gh. 
41m. which is fubtractve, contrary to its title in the table. 

Then 8h. 11m.—gh. 41m.= 10h. 30m. the time of high-water on the 
days of the full and change of the moon in the river Senegal. 


141. Of the caufe why the masn appears to rife nearly at the fame time for 
feveral days together at fome feafons of the year. 


There are few mariners who have not obferved at certain times, that _ 


the moon appears to rife or fet for feveral days'together at the fame time 
nearly, notwith{tanding that fhe is known to be retarded nearly 48 mi- 
nutes in each day’s motion. ; 4 

‘This appearance arifes chicfly from the daily alteration of § or 6 degrees. 
in the moon’s declination, when fhe is near the celeftial equator. Nowa 
change in the declination of celeftjal bodies will caufe them to rife or fet 
fooncr ‘or Jater, as well as when the obferver changes his latitude. 

Thus in the latitude of 50 degrees, when the Sun has 6° of declination, 
he rifes at 5h. 31m. ; but when he has no declination, he rifes at 6 o'clock; 
fo that a change of 6° in declination near the equinox accelerates the 
rifing 29 minutes. . 

By a like change in the moon’s declination her rifing or fetting may be 
quickened or delayed halfan hour; but half an hour’s acceleration dimi- 
nifhes a great part of the 48 minutes of daily retardation which fhe ought 
to have; and if to this be joined the apparent aeceleration which may be 
caufed by a lefs velocity in the motion of the moon near her apogee, and 
alfo that which may arife from an alteration of 3 or 4 degrees in the fhip’s 


latitude in 24 hours; it will follow, that the rifing of the moon will not . 


appear to be feniibly retarded for feveral days together. 

Now the fame caufe which accelerates the rifing retards the fetting ; fo 
when the moon appears to rife for feveral days together about the fame 
hour, its fetting will appear to be retarded nearly the double of 48 mi- 
nutes, or about an hour and half. On the contrary, if its fetting is nearly 
about the fame hour for feveral days, its rifing will appear to be retarded 
almoft double of its known daily motion. 

a Articles 


—— = 


- 


he Seat ee RG ee 


| 
| 
| 
) 


fONOMY 


~ 
w 

¥ —. 

A Er % 
con COO een ewonee. ‘ } = Ne 
- Ea : 

~~. a - fe 

~ aoe 4 ~ 

.* ™ 














Articles 142, 143, 144, 145. 
LOGARITHMIC TABLES. 
I. The Locarirums of Numbers from 1 to 

120. 


II. The Coninuns SINES, Pincawee and 
SecanTs, to every Point and Quarter-Point 
of the Compass, 


IN. The Locaaitums of Numsers, from 100 
| to 10000. 


IV. The Locaritums of the Sings and Tan- 
GENTS to every Degree and Minute of the 
QUADRANT. | 
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A T ABLE 
Of Numbers and their Logarithms from 1 to 120. 
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15 114517609] 35 11,54407 


16 |1,20412] 36 
1 17 |1523045] 37 
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1 t9 |1527875] 39 
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143. A TA BLE 


Of Logarithmic Sines, Tangents and Secants, to every Quarter-Peint f 
the Compa/s. 
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52.4 304]024 32911243 5 3192437 8)12440 31024428 
92455112457 61,24601|,2462 51,246 50152467 
92.4.797|124822|,24846),2487 11,2489 5].2492 
92.$04212 5066/2509 31,2512 5]12.51 39]12 526 
92.528 5|1253 10125 3341025 3 581025 382122 540 
125527152555 1)25 57 5]r2 56002 56241,25648 
12.5 7681,25792)25816|r2 584012 58641,2 5888 
26007],2603 1|92605 6|)26079],26102),2612 
12624 5]526269],2629 3},263 1 6},26340),26 364 
126482|,26 5052652G),265 52 
»26717},26741|,267641,26788 
92695 11,2697 51,2699 
927184])27207/)272 311927254 
92.74161,2743927462).2743 51,27 508|s27 531 
12.7646],27660|,2 7692/1277 1 515277 39/27 701 
52.787 5|)2739 $2792 1|127044])27967|27989],2801 2152 803 $},28058},2808 1} 
528103|,281261,281491,25171| 281941,28217],28240/)23262),2828 51,28 307) 
52843049283 55)2337 51.28 25512342 11,2944 31,28466/,28488), 2851 1},28 53 — 
285 561,28578])28601|928623 28646},236681,28691/,2871 31,2873 51,287 5B 
923738c|,28803',2582 2$54.7].28870],28892',28914}289 371,289 so}p289818 
929003 tacotblaceas 9290701,;29092).29115 929137)»291 59 29181 32920 . 
929226|,29248],29270),292921129 3141929 3 36,293 $8}29 380),29403},26 42 5 
129447]12949)2949 11129 51352953 5/295 5712957912961 2962 3], 29645) 
26667|,296838!,297 1015297 3211297 $41129776:129798)12G820),29842|, 2986 37 
2983 51,29907|:29929s29961}:2997 3/2999 93001 6], 30033), 3006 230083} 
1 301031,30125|, 30146!) 301 63], 301 GO], 3021 11,3023 313025 5.30276 
9303201130341} 3036 3}s 3038 13040611 30428130449} 3047! 30492530514) 
9305 35[s30557[1 3057811 3OOCO}, 306211430652), 30664}, 3063 51, 30707], 307229 
1307 $2ls 3077 He 307921308141 3083 5] 308 56150878}, 30899), 30920}, 30542) 
53096 31, 309 84)2 3 100613 1027; 31043}5 3 LU6g}, 31091], 32112),3723 31,305 54 
931175[y 32 197/03 2218 ]>31239[)31260}r3 1281), 32 302/31 323) 31 34 932366 
2313871) 31408))31429/93'45 »3147313149231513h315 H> 3255 5932576 
131 971>31618|,31639},3 1060], 316811) 34702, 3172310327441 327051931785 
931806], 31827], 31848], 3 1869}, 3 1890} 319 1 1),31931],31952p 3197 3p 31994 
13201 Shy 3263 513205 32077|)32098|> 32118}, 322 39|2 32 1 CO 321881, 322055 
32222], 3224 3) 32263|32284|, 32305103232 5/3234) 32360132387), 3 24c3. 
, 132428], 32449] 3240913249032 51013253 11) 325 $2 32572) 32593) 3201 
212 |,32634],326541,3267 5], 3259 5/3272 519327 36/1327 50,327 77/939797 113291 55 
213 1.32532], 32855), 32879} 328991, 329191) 329 132960}, 32955, 3 3008|,3 302! 
114 |,3504 1] 33062330821, 3 3102s 331223 3143103326 31.9 3152, 3320313322 

215 |,3324-|,3326443 3294133304), 33325|933 34 5]»33305 [3335 5}»3 340 5103342 

216 SSe4s{ 3346 $03 348035 506-33526),33550),33 566).33586) 33606 336261 
217 [633040}.35 9061, 3568 55,33 04 3726113374 610337 06/33 786.3 38CH}, 3 3826 
133995153 3935): 34005) 34025 


213 1333-40)53 3500.3 393545390 5193592 593394 5 
210 [63494 tbs 345655, 35 OK Gh 35 1O4ts THD FATA Gs 3415 3fs 3418 3) 34.20 3 3422 5] 
6 7 8.1 9 
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TABLE or LOGARITHMS. 144. 357 


Numbers from 2200 to 2799. Logs. from ,34242 to 544700. 






















2 3 4 5 6 7 8 9 

234242|,34262|, 34282), 34301], 343211) 34 34.15 34.3611 343 B01, 3440), 344 ° 
» 344391344591» 34479|r344981» 345 181134 53 7/> 34.557 34577 34590] 34616 
134635113465 51, 346741, 3469419347 31.347 3 3123475 31 347 72123479219 34813 
9343691, 348891) 34908/, 34928), 34947}, 349671, 34986135005 
> 35025113 5044/»3 50641, 3508 31535 102], 3 51224 3514.35 3 5160],35180),3 5199 
935213], 352381235257 |r 35276) 352951r3 531 5353 3423535 303537293539 

9354-11|)35431r35449)»354681,35488), 3550713 55261,355451, 355641535 5831 
»3§603|s35622/,3 5642|,3 5660}, 3 5679], 35693), 357171357 35|.357 551135774 
935793|2 35823193 5932(03585 11135873 58391, 35908'3 5927135940], 3 5965) 
135984|) 36003], 3602 11, 36040}, 36059], 36073}, 36097}, 361 16], 36135],361 54) 
36173)» 36192/.36811),3022 136248 »36286),36 305], 363241, 36 34.2) 
13636 1/1 36380), 36399}s 364 13], 364 36], 3545 51 354-741, 3649 31,3651 11,365 30 
136549}: $6 568| 36586], 36605}, 3662.4], 3664.21, 366611, 36680}, 366981, 36717; 
1367361s 36754123677 3|23679 11) 36810}, 368291, 36847], 36866), 36884), 369031 
137922'»36940) 36959}, 3697 7) 36996), 370 14), 37033) 37057),3707 137088: 
»37107|s37225|137 1441137 162], 3718 1/937 29923721 Bp 37236), 372541, 37273 
937293|937310}s37 32912 37 3461s 37 3651937 38 3)37403 1.374201, 374381, 37457] 
93747593749 3|>37 5229375 30lr 37 5484937506137 5851, 37603], 37623], 37630 
9376581137676!) 3769415377 1212377331937 749} 3770737 795) 3790 3)23 7822 
137840], 37853),373761, 37394], 37912193793 Ml 37949} 379671) 37985}. 3800 3} 


43802 1|, 38039] 13805 7|» 38075 |» 380 3} 384 124, 38 130. 331431, 38 1 66 

























9383821, 333991139417 
38561, 8 »33596).386 14], 3863 »386 sch 38668), 38 86], 387031, 38723] 
138734 138775|)33792|) 388 101,388. » 3886 3], 3883 3], 38899 


138917|)3°9 3411 38952],33970}, 38987113990 5) 39C2 3} 3904.11, 39058 ! 
239094 239146}, 39164}, 391 Bat, 39 199} 39217113923 5/3925 21 
539276|»39237]13930513932212 3934.0)» 393 5b 3937 Sts 3939 31s 394201 39428 
139445123946 3/3 394801, 394.93]s 39515] 3953 313.95 5039568), 395851, 39602 
139620} 39637|23965 5] 39672] 3969012 397071139724 397421239759 
139794123983 1/3982} 39846) 3986 31,3488 11, 39898), 3991 5) 3993 3} 39950 
139967|»3998 5) 24.0002] ,4.00 19})4.00 3714.00 5 14007 31,40088/,40106),4012 3} 
140 140|14015 714027 5|,401921402001)4022 1402.4 3}4026 11,402781,4029 5 
14.03 12|140320]140340/140364),4038 1114039 81404 I 51,404 32],4.044.91,40466 
14.048 314405004405 1811405 351,405 52] ,40569140586),406031,40620),406 37 
1406 54|14067 1] 140683],40705],40722],407 3911407 56|.4077 31,407¢0],40807| 


6 408244084 11,408 58],4087 5], 408921,40909},42926},4094 31,409 591,40976| 
940993 


410101, 4.10271,410441)41061/, 41078), 41C9 Sh4trys|,4rs25) 44145, 
1411791041 196],41212/,41229],412461,4126 3),412801,41206),41313f 
3h4.1380},41397 [4 14141-41430,41447/04.14631,4148 1) 


—_—e— } ete ema 
941497 [0415 141.4153 1/94 1547 (415641041 58114159 70416141,4165 11,4 10474 
4166 4},41681]54 1697/5417 14)9417 3 141747041764 541780 14175 7,418.14 
14.18 30ls41847|24136 3|,4 1880143896114 191 34419293419461.415571,41979) 

94.2032194202911420451,42062],42078 4209 5,42123!,42127/54 2144 
942 16C})4217 7434219 3).42210/r42226},4224 3 422 501-4227 5',42292),42505 
94.23.25 |9423-4 11542 3571423741942 390[rG 2465 rh 2d 2 359424 79114245 51542472 
1424881,4250 1425211.42537}42553):42.570142 586 426021, 261y],42035 
54265 1142567] 14.208 4),42700],427 16],427 321427495427 65),42781),42797 
1428131,428 301, 428..6),42862),428 75),42 3944291 InAzbo 7 .42543,420 594 
542.97 5|24295 1]14.3C08] 1430246 [143O4C 143056194 3572/94. 70091,4 3104],42120 
1431 36/r4315 21343169 


41162 






























14318 5|1432001,4321 76 3233432400432051043232 


43297164351 343329104 3.345143 261043 377543393 434094342 5104 144 

1434.57/14347 3]43439| 043505 [04-352 11943 5.37.94 3553 243 509:14 3 50494 000 
4436 1615436 32154304814 366414 3080},4. 3696 1437 12 143727143743 143755 
4377 5/1437911943807|s4382 3)s4 2838)04 5854 04 5870 143826),45902|,43917 
14-39491143965104398 1 14 O12 44028 144044544059 94 1275 
144.107|44.122],44138 144170544135 A201 442175,44 52 
144326 144342 04455354437 3144 339 
9444041,4442-01,444 36114445 11,444671144433'44498 9445 16 '54452 9154454 5 
1446231544638 44654 544600',44 08 $'.4 4°00 


4 5 | 6 1: 7 I 8 9 








358 TABLE or LOGARITHMS. 144, 


Numbers from ates to 3399: ae from 544716 to 53135 
















oj x |. 6 1718 | 9 | 
144-7 16/4473 144747 a wari ara} 144809 “ 

14487 11144886 5449024491 7).449 32) 144948 44963 1,44979124459414 5010} 

145025'450401450 56144507 1]54 5086.4 51021445117 tel ee ti 
i 















14.5179!45194)452094 5225145240 4525 514527 1g 5286104-5 301154531 7] 
145332145347p45362],4537814539 345408 4542 3445439104 54541,4 5469) 
1454841545 500045515 94553074554 5455 611545 57645 591/14 5606),4.562.1) 
945637 p48 52 456671,456821,456 pea alias 145753145773 
145788), 45803 4581814583444 5849/4 586 245379)458941,459091045924; 
145943910459 54)45969|459841,460001,4601 5,463 9},4604 5],46060,4607 54 

1461 50),46165),46180 4619 5|,462 10,4622 


14.6 390),46315 
1464491,464641,46479 
46 56%',465331,46595},46612 31546627 
467 161,467 3 1/4674 6],4676 11,4677 61467 
146864',46879),46894!,469091,4692 3 
146982|,46997),47012 4702 61.4704 1'547056147070 

4715994727 3)47188 












»4612C),4613 5 















146240),46255 
146389), 46404404 19)4043 
3 




























947357)-47871h47885 
1480291,48044),48068 
14817 3148187),482021,482 161,482 301,4824 
14828 71,48 3021,483 161,48 3 301,48 3.441.483 591,48 37 3148387 | 
SeeSape arnt T Saber ae 1484871148 50114851 5148 5 3< 148544148 
14860114865 5 prea bee Cereal ee a 143686 
94878 511438799),488 13 












4871 
48855148369 4853 sh48So7h48o 1 
309 |148996},49010),49024'490381.49052,.4 
149 192),49206 
74933249346 
24.947 114948 5 
14.9610!,4962 









149457 
49596 


49447 
631,49 582 





3§01061,50120 
50243150256 
ease maeaneraronh 50508 
detent ete 
61, 50799) 5081 3), 50826),508 39), +5085 
150974! 599 

151054! 9§ 1093), 510811, 51095), 51508), $1121 §123 5 
$1188, 51202512154 $1235}, 512421, 51255) 51268 
9513221,51345/s Suabipsigastsrgeahstsaypsig3e 





951415}, 
15154 
§ 1680}, 51693], 51 7084 
SU rapsthe ssa 













95145 5/953465), 514811151495), 51508), 515211151 53.4 
1515871, 516011, §1614!,516271, 1§2840) 518 4p 51667), 
$1720 5173 35174651759) §1772),51789|:51759 
sere sic koe eiesa eisai cigea|scioie 951937 

95198 3ls $1996), 520091, §2022|, 52035452048 
9§2114',521271, $2140 52453), 52100))52179 
95224452257 15227 © 9§ 229 3] 522971152310) 5252 2152330 
152 375952383) sagor 152427), S2440l 524.5 3], 524.06 
152504/,52517 7525309525431 52 ipa Helier 2155259 5})52608 
1 52634|)52647', 52660526731, 52 86),§2699),52711],527 241,527 37195275 
Pela tee Rie Spe »5Z815|, eae: 1§284C|.628 53), 52366 


3 }:5289252905).52917 452930 529431529 56), 52969152981} 52994), 
15302 3084 SSONE ESOS shor ssc see by S305 § 382255313 5F 
| Tae rae ae oe eae pee 

















, 5200 11,5207 6}, §20 
152192} 522051.52215), 52231} 
152349 52 362) 






















TABLE or LOGARITHMS. 144. 359 


Numbers from 3400 to 3999. Logs. from 53148 to ,60195. 


= Pa 







2/3 {4)5)] 6) 7 8 1. 9 | 


Sa esha seats nutes 
2 



































95327 5/153285),533011, 53314153326 ,5533 39195335 1$330415337795335O 
953403115341 5115342381, 5 344th 5 34531, 534661, 534791) 5 349111 5350405353 7p 
1535551153 5671s53 5801553 593)953605!,53618},53631|, 53643) 
3115368 1],§ 36941, 53706),5 3719153732155 37441953757 53705 
953807), 5§33201,535321,53845].533571,53870|,5 3882), 5 3895 
953920153933 5539459539 8], 53970) 5398 3153995),54008 54020 
9540331) 5404.5). 54058 554070), §408 3), 5409 51.54.1081, 54120], 54.13 3054145 
»S41 53/9541 7019541831 5419 5} 54208|,54220),54233),5424 5,542.58), 54279) 
»54357'254370}s $4382 9543944 
»544311,544941,54500,54513) 
954580) 54593546051 54617)154630,54642 
154654), 546671,54679),54691 15472 95474115547 53) 54765 
15477 71)5479A, 54802), 548141, 54327], 548 391.5485 1], 5486 6154388 
9§4900}) 54913), 5492 5], 549 37|.549491)549621, 5497454986 25 501TF 
1552231155035 95 $0471 5 506cl, 55072], 55084}.550951, 55108 
95 5145/5515 719551 69),55182),5519 
+552871155279|»5 5291195530 3155531 5]155328 
155388 15541355425 




















154568 














553754 
155473195 5435155 54971 
155 594]25 5606), 55618} 
95 5666), 55673), 5 $69 1})55703).55715 
95573195577 5|955787|155799|95 5811/5582 31,55835 
955883), 558951155907|155919115593 1155943155955 
1§6003}, 5601 5], 56027}, 560331, 560501, 560621, 56074], 56086 
956122),561 341,561.46), 561581, 561701,56182],56 1941, 56205 
»§624 1), 5625 3156265), 56277], 562891,56301|, 56312], 6632 156336 
»§636c),563721, 56 3841,563596],56407|,564191, 564311, 56443], 56455 
156467 ,564.78), 5649¢),56502),5651 1565491, 565611, 56573 
56585 ),56597), 56608 1566671, 566791, 56691 
156761). 56773156785}, 56797} 56808) 
568 55} $6867), 56879), 568911, s€goa|, 5691 
156972}, 56984!, 56996), 57008 
9§70891) 57101), §721 357124157136 
1§7206},572171)§ 7229157241 

































370 |,56820!, 56832}, 558441, 
371 } 56937569491, 56961 
372 |157054157066,,57078 
373 b571711,5718355719 
374 5728745729957 3101573221573 341957345 
375 95740315742 5157426], 574.331, 574491,5746115747 315748415 7496157507 
376 |,57519's57 539 575421,57553575651,57576 
377 5763457646, 576571,576694576801,57692)57703 
378 1557749 15776111577721,57784 55779 5\957807p57818 
379 155786 155787 5|,578371, 573981) 579101.5792 1/5793 =1257944],5795Sh579071 
380 957978', 5799-1, 58001}, §801 3158024], 5203 5|,58047|, 58058], 58070), 58081 
381 |, 58092!, s8104!, 5812 5}, 58127], $8158], 58140159 1631,531 21,5818 53195 
1382 |,58206', 58213), 58229), 5824 958252), 58263),582741, 58286], §82971, 58309 
353 [53320583311 53343), 583541, 58 3651, 58377|,58388 158410 
SAE aa tate te 58524 

























1§8546),58557',58 5601, 5858 1585911, 58502|, 586141, 58626], 58 
158659], 53670), 586871, 586921, 587041,58715| 58726 
5877 14. 387821, 58794), 5880s), 58816), 58327], 58838 
15838 31, 58894), 58906, 589171, 589281, 589301, 58g 501,58961 
15299 311§9006', 5901 7], 59028's $9940}, 5905 1} $9062], 5907: 
39° $$3106/,59113),591291,591 44159193), 59 162159173), 59 1841,5919 559207 
$9218}, 592291, 59240), 5925 11,59262|, 5927 31592341, $929 51,59300|, $9 3 15) 
159329159340 5935 8159362159 3731159334}. $9395], 59406], 59471, 59423) 
393 $5943 15945015946 11,59472],594831, 59494159506), 595171,595251,595 39} 

95955995611, 50 5721, 595331595941, 59605). 59016, 59627], 596381, 5y64q) 
5 [596605467 1}, 596321, 596934 597041,5971 511597261, 597371, 5974819597 Sof 
399 459770159780 ,,<97911,59802},59813!,698241,593 351, 5984.01. 598571, 59808) 
397 [59879).5989q}, sages}. seg tal, 6992 315599341 $994 5! 599 56], 59965), 59977 
393 159938), 59996), 650 1el,occ21),60032|,6004 31,6005 16006 51,600761, 6008 6} 
390 pSeoa2} Sorc Got rater so Gordo $2 604660173} 6o195| 
N°} o I 2 3 5 | 6] 97 3 9g | 


.vcsncaiiinss-cuaumenel ee 

















360 TABLE or LOGARITHMS. 144. 


Numbers from 4000 to 4599. Logs. from ,60206 to ,66266. 



























aaa ot fn 3 SI lO 7 
,00206},60217},0022%/, 602 39),6¢24¢},602 60},6027 1|,60282], 6029 3}, 60304 
6031 4].6032 51,603 36,6024 71,603 5%},603 69}, 00 37g|,60350},6040 1},6041 

bo42 3}.0043 3},60444 1,60 5 500401 1,604.77] 6042 71,60495},60 509), 60520 
66 5 3C],6054 11,605 <2], 60 56 31,605741,605 841,60 59 5], 606c 6],6c617},60627) 
166636 ],6054 G),606c], 06751, 6068 +, 6c60 2},60703),607 1 3[60724],6073 5 
07461697 5615679671,60775,60735 1, 6079 91,008 10}, 50% 20],608 3 11,6084 28 
5 1,003 52],600631,608744,6088 51,6089 5}, Ge. gc 6|,6c9171,60927], 04 35}, 6094 gf 
1609 §<|,609701,609¢ 1|,6c991|,61C0-1,6101 3/16 502. 3},61034];610451,6105 5} 
3 [,6106¢|,61077|,61087],61c98],6110G1,6111976113C1,61140],6115 1|,61 1624 
361172| 61133),611041,61204',6121 51,6122 5],61236},61247},612 5 7],61263} 


5 

6127£],612391,61 30c1,61 310', 61 321!,61331[,013421,6179 521,61 3631,61 374) 
1613341,61 39 510140: 

5614.9C},61 5cc],61511]/,615211,615321,61542],61 55 21,61 563],015 741,61 584 
16159 5|,61606),6161 6),61627),616371,626481,616581,61669),016791,61 6904 
96170c[,6171 1/5617211,61731],617421,61 7 521,61 76 51,6177 31,61 784161794 
96180 5},618 1 6).61826),618 36),61847],61857|,61868),61873],61888),61 899} 
6190916 192¢/16193¢},619411,61951|,61961|,619721,61982},6199 3162003) 
162014|,62024|,62034],62045),6205 51,62066),62076|,62086],62097],62 107) 
7621 18|,62 128],62 1 38),621491,62150],62 171,621 80|,62190).62201|,6223 1 
362221}, 62232|,622421,62252|,622631,6227 3/,62284,62294|623041,6231 


902325 623351162 3461,623 561,62 3661,62377],623871,623971,62408|,624 18! 
:624238!,62439],6 162459|:62.460},62480|,624g90},62 500}:625111,6252% 
62.53 11,62 5421,62.5 521,62.5621,62 721,62 58 31,6259 3|,626031,6261 3162624 
626 341,62644|,626551,62665 6267 5,668 962696|,62706|,62716),62726 
1627 37|:62747|,62757|,62767],6277 *62988|,62798| 628081,62838 62829) 
2628 39/,6284|,628 591,628701,628801,623901,629001,62910|,629211,6293 11 
162941},62951|,62.961/,62972|,629821,62992|163002|,6 30121,630221,6303 3: 
427 |,63043]6305 3163063],6307 31,6308 31,6 30941,63104],631141,631241,631 34] 
: 163155163 165),6337 51,63 185],63195)632051,6321 §],6322 51,632 36 
$29 |1632.461,632 56)632661,63270),63286),63296|,63 361,65 317|5633271,63337 
16337 7),633371,63 397[:63407|,63417/,634281,63438: 
431 |,63448],63458 16 34781,634881,63498],63 508),63 518],63 5281,63 638 
432 163 548/63 5 581,63 568),635791,635891,635991,636091,63619],63629),6 3639 
+33 |1636491,63659/,636691,636791,636891,636991,637091,637191,637291,63739 
1434 |1637491263759|037691,637791637891,63799],63809),63819|,638291,6 38 3¢ 
435 26 38491183859}838 69) 63879),63889),63899)63909 639191,63929|,639 36 
436 |,639491,63959|1639691,639791,639881,63998/,6400 1640281,6403% 
1437 |,640431,640581,64068),640731,640881,640981,641081,641 18],64128 6413 
438 1641471641 57],64167],641771,641871,64.197|,64207],6421 7|,64227],6423 
1439 '1642461,64256),64266),64276),64286),64296|,64306|,643161,643261, 6433 5 
1440 |,643451,64.3 5 516436 5|,64 37 51,6438 51,6439 51,644: 64414 164434 
1441 |,644441,64454),644641,644731,64483],64493|,64.503 64513|,64523,6465 
442 |5645421,64552|,64562),64572|,64582 0459164601 6461 1|64621|,64631 
3 |164640),646501,64660],6467c},64.680),64689|,64699|,64709|,64719],64.72¢ 
1444 [1647 33),647431,647 58/,64768),647771,647871,64797|,64807|,648 161, 648261 
45 |164836),64846),048 56),6486 51,6487 51,6483 ¢'.6489 516490411649 141 64924 
AAG |,6493 31164943/649 5 3],649631,64972|,6498a|,64992|,65002],6501 11, 65021 
1447 |»65031[65 1650501,6506c!,65070 165079 165089 65c9¢.,65108 65118 
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F448 |,65128],651371,6514.71,651571,65167|,651761,65186 65196),65205),6car¢ 





49 i36 522 5116 $2341,652441,652541,652631,65273/,65284),65292|,65302),60412 


1450 |5653211,65331|,65341,,653 501465 36c1,65 369165379165 3891505 398],65408 
451 esaasl esas iGsesrh Osean 6ses6l Csace Coar tess lees Ge 66. 
452 96 5514p0 5523) 8553p 8554305552465 562)655711,65 5811152 5911 6 s60c 





la53 9656 10),656191,05629,,65639),65648),65658',656671,65677),556 61,65696 


454 165706|,6571 5).65725'657 341,657441,657531,65763|,6¢7721,65782),607 
455 965801 6581 11:6 5820658 30),658 391,658491,65858|,6¢868],638771,65887 
456 76 589616 590665916 6592 eb ee eet abe 65982 
















457 |165992|,66001),660r 1},660201,660301,66039|,660491,66058|,66068|, 660 

458 16808 7,66096))66106,6611 s,66124),66 1 341,661491 6615] 6616a 661751 
459 |,66181],66 191/,66200',662 10,662 101,662.29 66238!,66247),66257],66266 
; N°l I 2\317 4 § |} 6° 47 8 9 § 





16141 6,61426,614.37|:01448),61458],614691,614798 | 
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TABLE or LOGARITHMS. t44. 36 


Numbers from 4600 td 5199. ‘Logs. from ,66276 to ,71592-. 


Ee a ef — + oe Hee — 
en eee 3. —_— — ee 


N? 





Nelo bl otk | lt! 4 


60 |,56276|,66285{,66295 


4 968 435',6849 ,68502 O85r1 6352 3 


9 (168931), 6894 


1698 10',693 19]169827],598 36),6984 51693 54/,04862 9987 |].00880), 09888 





re) 1 2 








3) 4 | 5 }_ 6 7 9 








,66370|,66 3 801,66 3389',66 398 ,6640 


3654.17 ,90427),654 36),6644 5/6645 sf 
66464),6647 66433 ,66492 ,6502',66511 566521 ,66530/,66539 


66104 16051486925 908 eee ee reed 
3 : 
665498 


06 < §8|,66 5671,66577/,66 586 ,66596|,66605 ,656 14166024] ,6663 31,0664 2% 


75665 2|,6636 11,6667 11,6660 ,66080),66699 ,65708 6671 7|,06727),567 36 
5674516675 5|,66764 566773 ,6478 3166792 ,068011,66311/,6682 66229 
6583966843) 6685766867 ,568761,658 3 5,,66894|,66904|,66y 3}.60922 
"369 32|,6694 1|,669 50],66960', 66904] ,66978'.66987|,56997|,67006), 67015 
,6702 §],6703 ,67043},67052 ,67062!,67071],67039'67089},67099 
167147 067127167136 567 145 10715420726 .67173|.971821,67191 
672104672 191,67228,67237116724.7\»67256|,67265|107274 
Ses ormraiserataeray inte eranf erat ene nT 
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2672081 











167234 ,67293) 





67394!:6740 3115741 31,67422',6743 1,574.40) ,67449|,07459|157463),67477) 
»67485',6749 51,6750 |,6.7514 567 523 97532110754 11167 5 50}r67 56 357569} 
,67578).07 5871167 596|,6760516701 ',6762 ,676 33):676421,6795 ||,670605 
°67669|,676781,67688|,67697|,67706!,677 1 5|,677241,07733|.67742|s077 521 
” 6776 1'y67770167779|,67788|:67797\267 8061,678 1 56782 5],678 3467843) 
,67852|,6786 1|,6787C1,67879],67883|.678971,67906 1679 1 6|6792 5,079 34) 
567943679 52|:67961|,6797 ,67983},67997|:68006],6801 s|,68024) 
,58034 6804 3168052) ,6806 1|,6807 ,68079},68088),68c97},68106),681 : § 
,68124)68133),68142],68 1 511,681 6c},6816g,,68178),08 187/,68 1 95,08205) 
632.1 5)632241,682 3 3|,68242],9825 1/6826 ,68: 69403273|,08237|,682.96} 
68 305],6331 ,633231,68 3 321083411683 501,68 3 59168 368 
,63 39 5|,68404|,684 1 3/,68422/,684 3 11,0844 ,68449)6845 |,68467;,68476) 

















"68.574|,6858 31,68 592|,63601|,6861c 6361 4},68628.68637|,6364.6,086 5 5, 
°68364',6867 31, 6368 1|,686g0|,686¢ '68703},68717|,68725],637 3 51,587.44) 
,63753|,68762|,68771|,68780),68789),68797 essa, Soe 16882 4)-68353 31 





"688421,638 5 1],638501,03869)688 7 5108286], 6889 5,68904],689 1 3), 08922) 
68993},6y0c2}, 59011 





:58949}689 58|,68966 16897 5, 68984 


ame Sees | ee 








,69020!;69028|,69037|165046),6995 5)16990 16907 3|:69082],6gog9.},6g099) 
reed Sto depasl es slesesavenna spose ghbaasa $9367, 6974 





69197/1692.95,,9921 1692231692 321,69241 Goze obboa sty ggs67109976 
169235116929 3{609 302116031 1/169 320169329),0934 159346}, 693 5 4/6936.,} 
159 37 1/269 38 »|,69 390159 399694081, 694 1 71,6542 51-094 34)8944 3):094 524 
69.40 1959 4691.694.78'69427)1€94.96,69 504.69 5 1 3]-69522]20953 1): 09539 
6548969 5571964) 5661,69 57.4169 $83 969 592/16¢ 60: 1169 609}.096 18),095273 
69.5 36),696.41,696 5 3)69662|6967 1 169679),69688).0569 7|,097" 51,097 14 
59723 1697 32)1657401,69749)€97 5811697 67!165 77 s:69734|,0979 90801 
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589897 169906 65914),6942 31599322699 201105949999 58 69966),69975 
{69984}.69992|47000s},70010):7001847002717. 0367+ 1700 § 3|,7 0062) 
"70070|,70079}70088|, 700961 70105!708 14))70122170131|,701 4c), 70148) 
970157',7016051,7017 9701831270191 5702001, 702091), 0817 
97024 3/»70252|,7026 1702.69)170273 »70286|,7020 5/170 303},70312),70331 
970 32G1p703.38170346} 703 5 [17036-41703 72/470 3817038170393} 70406 
1704.1 §|p7042.4}5704-32| 7044-70449)» 704 $8], 70467197047 5}1704841,70492 
9705011, 70 59G]9705 § 91) 705 261970 5 3 519795 1705 52127056 11,70560|,70578 
70586),7050 5|- 79003/,706 12/7062 1',70629],70038 170646},706 5 5), 7066 3 
57067247008 .|,7063.,70697p 707061707} 7972 317073! 
07 62 1707 1614707 74ly 7078 3p 70791) 70807 c808 17081 7],708 « 5] 708 34 
*710842',708 511,708 §9},70868),708 76], 7088 5{,7089 3,709021,7093 170919 
570927 's 709 3.5!p709 44], 709 5219709 * 11170969) 7097 5197 09d0|27099 5.97 1003 
101257 10201 ,7 102|,7 1037/7 10461,7 10541-7106 21,7 107317107 972088 
171096171 1O5],7 1433/71 1227115 »7UN3Q7LIAT 57415 5ip7£164,71172 
971181|,7118 S71 198))7 1206/7 1214.07 1223 57123207 1240], 71248571357 
97426 5;,71273,07 128217129097 1299i07 13077131 5p 7 13? 91332-7134! 
51349107 13571671 36657 1 374107 #383157 139 1157 1399'7 1408],714 16571425 
7143 3167 144197 14.5017 1458)71466),7147 5197 148 307 1492)571 50017 1 508, 
971517 971525197 1533 27! 542715 SC 971567 575575) 1584:,71592 
8 S —_ 
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362 TABLE or LOGARITHMS. 144. 


Numbers from 5200 to §799. Logs. from ,71600 to ,76335- 





43 i|4i 5 | 6 | 7 |_3 




























ae 
g22 1,7176- Tegaahaesbaly gosin aecyy sdegerisisty tee gh 33 
523 shootin 17187 5197183 3172 392197 1 9OO1,7 1408147195 771925 
524 ina) raoag.rae 17 3953|17 196.6/57197 5'r7 193 31r7 399 1|97 1999}17 2005} 








eel 7201 01,72024],720321)72041|)72049|p720571,72066},720741y72082))7 2090} 
7209 ae .72923|s721 32157214C!,72 148), 721 561,72 36517217 34 
ve 9721831,72189),7219 722061,722141,72222 
§28 ,722631,72272|,722%01,722881,72296|,72 30 










529 19725461, 72 3 64]072 362})72 370972378 272 387117239 $:.72403},724 111,724 19 
53° |,724231,724 361, 724441,724521,724601,724691,72477 57248 5|,72493)»72 503] 
53! plage bee et | la lle 


532 1972591 
1533 572673), 7268 .|,72689), 72697 a a ce aad a 72.746) 
1534 7275 ghee Adel it 72779)172787|972 79 5|172 8031-7281 1),728 1 gp 725271 
535 '572835 »72384|,72892 
§36 57291617292 51,7293 31,729411972949172957 
228 aeaslyacoe 
1538 973078730867 
39 7315973167. 
540 cae al ae saree Pr 
NS4E 173320173328 
1542 5734001973408 
y543 [17548073488 
1544 173500 573,68 
1545 173040|,73648 
1546 1737197372 7 
4547 473790173807 
48 17387 51,733580 
1549 |573957/,73965 
55° :74C 3674044 
SSE 9741951,74125 
4552 1,74194',74202 174265) 
1553 37427 3157428C),74235/74296)74 36 Peso ase yet reese peat 
































»73288|,7 3296 | 
»73 368 73376733847 3392) 
7344 8)7 34507 346 273472 


Pee ee 736 
9736571, 7369 5197 3703,,73723 
973735|,73743197375 3197 37 59107 37 07|17377 5/97 3793 
7381 5)7382 31,7 383 1738344073846) 738 54/97 386217387 

,739C2117 39! 173918173936 973933 
97397 3], 7398 1 }97 3959497 399 7/9 74CC 5 17403 3) 740201174028 


97415 51074162's741 701,741 78) 741 86) 


S54 [674351/6743 50743671743 7474-3219 74. 390107435 89744001 744 141, 7442 | 
$55 7442915744371,7444 57445 31,7446 1|1744081,79476,744841,744 921974500 
586 17450717451 51,7452 3 Br per ocescamer Boots 














1559 [1745861,75 59 5,74 601) 74609},7461 715746241,74632174 640) 7404874656 
553 [57466 31,7407 31,7467) 74687117466 51574702\17471C 9747 181,74726'9747 33 
$559 [97474119747497475° [174764] 7477 21074796;; :74788:,74796,74803's 174813 
1560 |.74819),748271,748 ; 174842|,743 50],74855:74805',7487 3|,74 881 174889 
56 h748961,74904),740121,74919],7492 7|»7493 5197494 319749 50,7 958 174966 
562 1474974107498 11,7498y),7 4297 }'75005|»7 SO22}s7 5020157 5025),7 50357 5043 
563 7505147505057 506017 5¢74).7 508.7 7 50891, 75097)75105),7$1 93275120 
504 ?75428:.753 367514 31,7515) 751§9/,75160.,75174.75 182), 75189175197 
SOS | 752050752137 522¢|,; 522817523 o],7524375251 107 5259),75266175254 
E500 |,75282),752801,7 5207 75365783 1).75320.75328975335)75345)7 5351 
1567 |,753531,75 3661753 74h4753531,75 389157539 75404|,754121,7§420175427 
1754 551.7 5465147547 3127 54811)7 548557 5496.97 5 504] 
SEt TEST 7S Reh. $579 75563}. 


al.726261,72620,766011,7 6645 oe ow 








563 [754% 5/9754421,754 50 
S65 











57877017 §778127 5785.97 579 3}97 580007 58083 
17 §24.6|,7 585 31975863!,75868 75876147588 

574 [75891197 589975906 175921|,7 59291175937 97 $944)7 5952475959} 
1575 7596717 5974h7 59821,75989)7 5597|,76005|17€012',7 60201, 76627 ,7003 5} 
$576 [,76042|,76050},7605 7], 76065}, 76072|,7608 176087',76095|,76103 576310} 
[577 |>761421,76 12 61,7613 71, 761401, 76148), 17615 5}»76164, »76170},76178),7618 5) 
578 },76193176acc 762c8|,7621 51,7622 31, 762 3c 7624 17624 5))76253 276260 
1579 |976268),7627 51,76283!, 76290 Tag 7305 76419 roses tae 703s. 3351 


NO} oo [ot 41 51 6h? 8 | 9. 


757551975762 
573 peta eos, 758311575838 


17407 6|,74084'74092 Zor Fer 


ahzs7e 9478717 rszedhis73 
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TABLE or LOGARITHMS. 144. 363 
Numbers from 5800 to 6399. Logs. from ,76343 to ,80611, | 









N°} | rj} 2 {3 =m 4 {5 16 | 7 | 8 { 9 
'580 |,7634 $0763 501,763 581,76305|, 7637357638 





—_—_ 
976388 7639 5'76403,,76410 
‘531 i 1764 15},7642 5)76433'97440 476447) 645 3}1764 621,764.70576477 717435 
982 [176.49 24976500)576 5071479515 5765221576 536176537576 544.0765 52176559 
$83 1576567765741, 76582',78589',76 5971, 766041476612 , 76619 ,76626,766 34 
534 |,76641!,76649 56656',76664 , 7067 11,7/-678],7 6056), 7660 3'576701),76 708 
‘585 157671617672 3 1787305767 38147674 5). 675376; 60],76763:,7677 5|,76782 4 - 
Se »7679 17679 176805 '9763 12 ,76819'.76827),768 541, 7 6842157 6849],768 56 
»763641,768711, 76879 76839, 7639 31,769C 11,7693, 769 16),769: 3 74930 





















588 17693876945 9759 5:'978960,,76967),7097 3) 70932 :7698¢1,76597177004 
s77O7O47 7079 E 
77144771508 
77 2I7N 77223 





1589 PUTO Ee 72 19 71020 TESS 


1590 (177085177093 977100977107). 
977159977166 ,7717 3/97 7181) 


5770411,77048)7763 977036177043 
7 FAN S1,77 822/97 7 12997137 
177183 7710 5)177203)77210 
i592 1579232117 7240977247197 72 54 9772011577260: 772 Te F729 4977 29197 7298 
593 |97 7305/97 7313'577 320 97732797 733577 3427 7349107 7357977304977 37E 
1773797738677 393977401, 9774037741 77422) 7743057743797 7444 
977452197745 9|+7 74.06 07 747417743117748 127749 S977 503977 $1077 527 
171 585)77 532477 5391077 $477 854477561 47750857757. 177 $8 3477 590 
177597)°7 7 ©9§|77612'1776191,77627).770 34]677 04.1 97 7043)5776 50],7766 3 
177679},778B5 +776921,77699}77740)77714577721)77 728477953 
977779)97 77780", 7779 3197780 1197 7808 


“PyBeab 7330 7783717784 gh77B5ah7738 39} 7800. 9787 7B 
177337157789 5's77902,3779=9;9779 1 OL 75 92410779 3 'l 7793197 794510779 52: 
17796 77987977974 97798157 798847799 6)72 '93):78010,,7801 71,7802 5 
978932197 8039 478046,178053'97 8061 78068!,7807 51, 78082!,73089,,78096 
4 978104 4781111,78113 78125157 81521378 14.0973 147-97 8154478151578 168 
ee ',78176)78183 978190;,78197 5 78204) 78211/,78219, 78226 ,782331,78240. 
606 (,782.4778254.578262'.782 69|,78276)178283)78290) 1782571978305 178342 
607 78319178326 57833 31578340 978347}78355)78 362, 278389 578378,178383, 
608 [97839078397 +78 40597 8412 178419)78426) 7543397844078 447178 4551 
609 »78462!)78469 578470 57848 5 ':78490},78497)978 $04!178512 578519 578526) 
610 778533978 540978547 978554'478561),78 599)785 70) 78 3831785901,78 597 
611 178604',78611 786 18,7862 5|.78633,7S040,,78647,78054 .78061 578608: 
612 |:78675).73632 17868g',78656/,7870 9797 1 1],78713),787251,787 32478736, 
613 '578746078753'7376c',78707,178774 73751|,7878g1,78796 ,73803,,78816 
614 7£817',78824',78531 4789 38 57884 54788 521,788 59, 73866783873, 73880 
b15 p7888247889 5473902 5789091178916 7892 397893¢1»739 37978944» 73051, 
616 1789 58.7896 5 '178972|178979.2789386 975993)» 79060)79007),79014 7902: 
617 1579029 279036 479043579050 »79057 7906 7907 11579078)479¢8 5579092) 
618 1979090979106 57911 3479120 5791276791 34791417 914847915 51979162 
619 175164 179176 179183 979190 979197179204 179241179218 47922 5§1,79232 
620 57923997924679253 53'979200 579267 7927407923 1|,79288 5792 95579302, 
621 929309)79590979523 979 330:979337|s79 344979354197 935879365 
622 1579 379'079 336 39293 1794001179407 794! 794219794238 97943 5|97 
623 1979449: 379456479403, 79479; 79477b7948 795 21197 79498: 179595 erttit 
624 79548579525 979532 479539 07954647955 3)7950¢)79 567.9795; 74979 683) 
625 |179588,079 $9 579602 479009 579016 1,79023)579030,79937 174644 579650, 
\626 17905 7»7964),7967 1',79678',7968 51,7969 ',79699},797061,797 1 31,79720 
627 17972] 9797 34479741|,7974815797 5479 763))797 88}797759797821.79789: 
628 179796 979809 179810179817798 824193 31):79337)7 98441798 511,- y58 
629 17986 « 179372179879 79 179886117989 3)79900%7990l799 1 3..799201079927 
630 B30 7993497994 th79948!47995579962179969)7997 5h79982), 79989],79996 
631 1180003 »80010/,80017 480024180034}, 80037/38 0044/,Sco51 80058 80065 
'632 |,800731800791,%008 5, ,8¢.092',80099),30104|s303 131, 8012080127}, 801 34 
633 |80140,80147|,380154'5 $0101|,80168 8017 5180182), 801$8;,$019 §|,80202 
634 80209'9802 1 6|,8022 31,80229',80236,,30243 eons 80257',80264|,8027 1; 
‘635 |:80277', sie area 80298 ',80305},80312,,30318 53032 5),80332},803 39: 
636 1,80346,8 0353/3803 59) 180306 3803731, 803801,804371,80393) 98040C], 8040; 
837 .80414),8042 11,80428) 80434! '8044 11,8448), 8045 5],804021,804.68,3007 5 
180482 ,80489),80496'480502/,80509/,80516) 18052 31,805 301,80536),80543 

Be 639 [05 sosszpteste esis ee 180577580584},80551 980593), »806c4). 80611 
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464 ‘TABLE or LOGARITHMS. 144, 
Numbers from 6400 to 6999. Logs. from ,80618 to 84504. 


pNej o jt 2 } 3 fla | 6 i7 |8 9 
O40 9806 18 580625 580632 ,80638 58064 5',80652',S0659 ,80665 .80672 80679 
641 180636 ,8c6g » 80699 ,80706 ,80713;,807201,80726 8073 3,,80740,,80747| 
642 180753 .80° 60,50767 ,80774 180781 ,80787;,80794 80801), 80808 ,8081 4) 
643 98082 1),808 :8 ,80835!,80841 ,80848,,8c8 5 5), 80862 ,80868!,80875 ,8c882/ 
1644 |,80889;,8089 5 ,80902',80gcq ,80916,,5¢922),50929 80936);80942 80949 
1899 56.,8096 38096: |,80976,.3098 3/,80990),80996,81003],81010,,81017 
Stoge, iog>ySriog) avs: Sari7sBsseqpSuxsel 805 49pSr144,Bt15H 


























98 1040),81097|.8110 81036 ,817571,311241,81131,82137)89144 81951) 
981157°,81164.8° 271/.85378 81 184!.81191),81158',8120 81211',83218) 
»81224/.8123 '|,812 3881245 ,81251;,82258|,81265),81271|,81278 81285 


981291),81299).8130 6 S13NF) SL 5 181,91325 (91331 9ST 339/09 234578535 11 
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359 |:93395),9 3404 193409|19 341419 3420 +9342 5 993.4 301193435 :29 2440293545 
1934 50]-9345 §.-934%0)193465 19 347009347 50934809348 §)193497|.9 3495) 
9935009 3525 935 10/.93515 19 3520/9352 99 3531],935361193 541/193 546 
193551 93556 ,2935611.935661.9357 11993576 »93581|-93586/.93 5911993 596 
193601!,9 3626'.9 361 11,9 361649 3622/19 3626119 363 1/1936 361.9 3641/19 30469 
Dee pepe ee (9367 1/193675},9 3982}.9 3687.9 3692193697 
|* 3702429 3707\9937 F2) 9372 7993722)99 3727 99 37 3219937 37 99 3742/09 3747] 
19 37 62's937 57,2937 021993 767)09 3772199 3777)29 3792/9 378; 193792] 93797 | 
-9 3802)9 3807'4938121,.933887 9 3822119 38270938 321.9 38 37)-9 3842/19 3847! 
1938 52:9 3857/19 386=1,9 3867],93872|19 387 7199 2 382/29 3837/9389 2/19 3807, 
19 3902 19390729 3912149 39 1 7]99 3922199 392719939 321-939 37129 3942993947 
19395219 3957-19 3962/19 3967093978199 3977 99 3982/29 3997119399219 1997} 
994002 594007 594012149401 7,194022 194027 99403 21:94637/:94042 194087, 
19405 2',94057'194C62|,9406 7 940721194077|9408 2|.94086|,94091|,940 6: 
194101194 106941 11/,94116 94121 (1941261941 3112941 36 941411194146, 
194151941 65194 161|,94 166 19417 1/6941 76/94181 94196),9419 1/:94196} 

§ |,94201/,94206-94211/,94316 ,94221).94226).94231).942 30/194240 99424 5 
194250094255 '94260/ 94265 194270119427 5/19428C) 9428 5],942901,9429 5) 
+94300),94 305 )1943101,943 15 194320).9432 5]1943301,94335/.943401,94344] 
194349194 354,194359,294 364 0943641943 741194379 194384 /,34380 
94399-94404 -044061204414 944 191.944241,94429194437) 94438 

Neto { rt : 2 { 3 | 4 § 6 7 8 





s 
eo. 


36s FABLE or LOGARITHMS. Made 
Numbers from 8809 ta 9399. Logs. from 94448 to. 197308. 


I 2 3 as 5 | 6 = es 3 9 
1944531944 94463,,94463),94473: 594478 94483 194488',94453 
39450 31594507 94513994527 )9452% 94527 194532194537 494542 
194.5 520945 571,94562 .945671-9 p94570)9458 194586174591 
19460 1},946061,94611, 94616). 19462 193626 146 30/,946 35194640 
884 4946451946501,9465 194660 19466: 1,94670),94675:,946801,4458 51.9468y 
3885 1946941:94699|-947041,94709|,9471 1947 1919947241194729947 3 147 35) 
\386 994.74315947431947 5 319947 53/9476 31947 681,957 544; 731.94783.9478 
1887 ',94.792194797|94802|,94807],948121,9481 71,94822,,94527 1,945 321,948 364 
888 1,9484.111948461948 5 11,948 5 6),94861|,94865),94371|,94876:,9458C 
3889 |,94890)94%9 31,949¢ 19490 5}1949 1< +9491 5/1949 1994924 194929},94934 


290. 1949 391949441,9494.0194.954',549 59'-944031,94968),0.597 3194978194983) 
1891 |,949881,949931,94999| 9 50021,95007),9 5012 29 5017/19 $022 19502795037 
1893 15950 36}s9 504.4159 504.61,99505 11,95056],9 5061 
1393 99 508 5]: 95090,9509 51195 100).9510 9951099 513 195119 
94 195! 341993: 3°}95143}95145)95153,95158 19536319516 

8y§ 1951821595 187/195 102/195 197/55 §202119 5207159 5213 pziblosseilgesce 
a896 1.95231 ae 295250; 119 52659 §27 0109 52744 
3 










— -_ 
880 194448 
881 |,94498 
382 3994547 
883 94596 














































197 [9527919528 
1898 1,9 532819 5332]-953 
99 195376119538! 












19 5443],9545 3195458 99 546319546 
195 501!,95506',9551 1195 51 64 
195540195545].955501955 5499555 195 S64 
995598119 5602 19560" 95612] 
995646|.9565° 9565 |,95660 


SHalasaineriaet ast atl 


99§ 53095535 

195574129 55781195 5831295 58809 5593 
904 195617199 5622119 5626} ,9 56 3 11,9 5635/9 5641 
195 | 5665)19567019567 195679119 56341,9 56891,9 56941,9 5608 9570 |,95708 
1906 |595713)9957 189572 »95727)99 57 32/2957 37199574219 5746 99 575 [9957 56 

1997 1,957611195766/9577 95775/19578 9578 5119 57891.95794'09579 -119 5804 

908 1,9 58091958 1 31595818),9 582319 5828119 58 32),9 58371,9 5842 958 - |.9 58524 

£909 |195856|.9586 1119 58661,5 5387-19587 5]29588 1958851,95890958) 195899) 


1919 |295904]29500909591 1959 1815959219959 -81,9 5933095938 49594195947] 
BIBT 195952429 5957/9596 1119 59661,9 5973119 5970119 $980:9 5985 99 699° 119599 5} 
3912 1,9 5599]196004},96009!,9601 41,96019/,9602 3],96028},9603 3|,4563%],9604 2) 

O13 19604711960 52',96057|,96061/,96066),9607 1|,96076|,96080},9608 5 196090 

19 5 4. 1969 §/196099)39610 296109],906114,,961138!,96123!,96228],961 1,961 37} 
F915 1,961421,961471,961 521,961 56},96163),96166 pbigicgbinchois 19618 si 
$916 |,96190}1961941,96199).96204),9620¢},962 1 3],96213!,96223],9622 |,962 32} 
1917 962 37|96242|/,96246 962511962 5¢,96261,96265196270}9627:|,9628¢ r 
9 etree vee eed 











hg! S |,96284]96250],9029.41,96298],96307|,96308 
E919 [1963 32}1963 351,96 34 11,96 346},963 5011943 5 5,96 3601, 9636 5|,963 64,9637 
1920 |,96379 19638 3,96 3881.96 39 3|,96398|,964021,96407|,96412 96417)9642 1) 
1921 |,9642611964 311,964 3 «],96440/,96445/,96450],964.541,96459|,964641,964 68) 
1922 |,9647 31,964781.9643 31,9648 7],964921,964971,96501/,96506),0651 11,9651 5 ° 
1923 |196 520419652 4,96 ¢ 31,9653 965481,9655 31,965 5°/,96 56af 
4024 |,965671,96572),965771,96 581 196595 9660c1,966>¢|,96609} 
925 |,96614!,9661 of,96624),96628 796643 )96647 9665396656 
1926 |,966611,96666),9667- adh gas 9668 abbas 96647 66 96703} 
27 706708 |,967 1319671 7 ,96722/19672719673 11.9! 73696741 967451,967 5 
928 1967551987 59 196764 ,967541967 74196773) ,96733/,96788',9679 1,96797m 
929 196802! 96806),968 111,968 16!,96820,9682 51,968 30 968 34 19683 - 19 5% 4.4 is 
140 195848],96853',968 581,96562 96867 ,968721,96876 96581 9688" 5963908 ; 
931 196895 ,969001,96yc4l,969091969141,96913],95923 ,96928'969 3 71,969 37) 


re —— ae eee 




















932 1396942!,969461,969 511,969 56|/59696:1,9696 5|,96970..969 74,596979},9 69% 4) 
933 [196988 
O34 997035 
"G35 {9970811,97086|,970G90 

i 36 997128 997 E321,907 137 
. 937 997174197 F76107 182 

93% 9727¢1,9722 51,972 3 
939 997267119727 1197276 
| NY re) I 3 


196993',96907|,97002),97007 9701 11,97 016/,9 702 11,9702 1970408 
29703897 0441197049'297653 197058197063 197087 9976721597077] 
19709 51597160! 197104497109 997 114197118),97 123 
197141)9971461,971 511,971 55497160497 16¢ 971698 
igo isl o7in 2 oaes|o1se2 707406167404, 972164 
tak ara pe aranaran ar. ge 















9728 STOES 2917 9°)197 29497299 097 3044-9 408 
—— —_ 
4 5 | 6 7 1. 8 9 


eee ; 


TABLE or LOGARITHMS. 144. 369 


Numbers from 9400 to 9999. Logs. from ,97313 to ,99996+ 














6 | 7 8 4 9 / 
297 340 197 345197359 397354: 
197337 19739197396 197400 
997433 19743799 7442 907447 

19747997433/4 7488 597403 

19752549 7529}97 534.97536| 
19757139757 $1997 580 997585) 
197617976 + 11,97626 197630; 
19766 3':97667}29 7672 197676, 
197709119772 319977137)997 722 

97754197759 1977631397763. 





[ Ne o | 1 | ‘2 3 : 4 5 

940 a amltnbes 
941 97359197364 997 368197 373397377197 382 
942 197405 197410597414 srassprareiarer 






















943 99745119745619746019746 549747097474 
944 1974971197 502,09 7506,,97 511497 516),97520 
945 19754397 548975 5219755797 562197506 
946 597539497 594i97 598)9799319760719 7012 
947 1979351976401976 1976496975 5 31,97658 
948 ‘49768 11,9768 59769019769 5597699!,97704 
949 197727)977319773997740h9 774597749 
9§2 597772)97777997781)197 79639779! 
95 797818)978235978271,97832h979 36 19 784.5 1978 50/9785 5|-97359 
952 19726497868 197873 7709783 21.9 78861197891 197896 1979001197905: 
953 plan eet ee 97932 }97947197941)9 79400097958 
954 19795519 7959'97964197968)-9797 319797 8/09 7982979719799 11197990 
955 PF sacch9800s493009|,98014 oT aT8? eboatigd3 5: (08037 9808! 
956 98046 98050498055 ,98059493064.,98068 19807 3159807 31,98082 198087 
957 19809 1|,98096,98100/,98 105 98109,,981 14981159812 31,981271,98132, 
958 1981 37)98141 ,98 146,98 1 50,981 55,981 59)198 16. )198168)09827 31098177, 

1991 861,98 1911,93395 98200',9$ 2041,9820g1,98214],98218].98223) 


959 998182 

g60 p822 1982 32h982 4¢),95241h98245) 982 501.982 545982 59].98=03],9 268 
961 1982 7298277|,93 28 1/)9523¢ 982g o}y829 5|1982991043 304/98 308/98 31 3. 
962 198 318h98322 4933271983 31)983 36 ,983401,9834 3198349198 35498 35°, 
963 298 363198367 ,93372)98376 9838 11,98 3361598 390-983941,98309/198403; 
964 198408)9841298417),98421 984261,98430/,984 31984 .39)934441-93448; 
985 9845 3>9845798462)98466,9847 1).9847 5|,9848:|.98454 1924891195493, 
96 298498193502 198507 9851 11,985 16} 9852019852 .51193 529198534195 538) 
967 |,98543h985471935$2h935 56498 561),98 565 98 5 7<},98574|-98579|,98 583, 
968 1598 588)995 9293597 986011,986051,98610),9861 98619/.98623 93628 
969 19863 21,9363749864 11,98646),9865 1986.55|198659/98664|.98663|,9367 » 
1970 29867 7):98682-,986861,9869 119369 5159870019870 19870898713] 937171 
197 9872298726987 3 1938735 983740193 7441,93 749129375 3198758195 762 
1972 »98767)9877 149877 6)98750 987841,98759|:9879 3198798),98302/,98307] 
973 |988 11,988 16198 32cl9 882 5.98829 1988 341,988 3 5/9834 3983471983 5 | 
974 [988 56 eooston singin iaatatatn rn laa tasn 
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575 298900197905:9890 .939 £41,989 1819892319892 7/1959 3219893993941 
976 493945 33949989 s4h989 581.9896 31989671,9%972/.989 7698981 |,9898 5 

: 199007990 12119991 6 yO? 1199902 51999029 
978 59503499038 4996-4 311990474990 5 211990 56|,9906 1/4906 $49 90691159074 
979 |99078}99°83 9908 7},99092|,99096,99100},99105.99109)99114),99 118 
|g80 £99 1239912729913 510991 36 99140799545 9914909 1544991 53}-99162 
bac ,99167}99171499176),99180199 18 5),99289).99 19 3999198 p99202)99207 
982 ‘9921 1hgQ2 16 599220199224 1,99220 59923 319992 35/299242 9924 7|-99251 
933 199255 99260 59926.1499269 9927 34992 77|99282|,99280 199291199295 
io84 199 30°99 304 9930899 3 1 3)99 3 17/999 322/299 32 099 3 3749 335999339 
935 499344199 345299 3521299357199 36199 366 993749937 499 379}299393 
936 $49 38:1,99 392.99 395599401 9340 5499410}0994 144994 19],99423],99487 
237 199432599436 199441199445 199449,.994 54/1994 5519946 3199467199471 
1983. 994709945054 1484 199489 95493 .99495]199 5029950899514 1.99515! 
939 _999$2h99 52-499 523/995 33199537/.99542 99546 -99 559958599559) 
99° 199554 99563 199572199 57719958 1999 $8 $159 59Y 199 594199 55 9]-99603 
99! 299607 9963245961 6,995211,99625 1990291990 34.199034)9904" 199047 
992 '9965 th99656,996601,99664',99659,,9967 3.99677 19963 > 9 9086 |,9969t 
993 39969 5»99699),9970 999708 999712997 17|99721 1997 1511997 3911997 34 
994 1997 aeolian tu 

2 


977 »93989b9399-4'985 98119900 3 












: 














998001,99204),59808 9981 39951719582 
1994 $2,998 5 6},9361].99865 
199896 599900;,99904|,9990Q1f 
1999 3999943;9994381,999 5218 
19993 3 199987139999 +1:99994 

9 


995 »997 199787 99791999795 
996 1998261,99830,998 3 519983999943 199848 


s9entbyescanss 








997 ',99870!,99874',99878 
998 599913499917 1999221999261999 30,9993 
999 199957199901 19996 5)199970999749997 


Nelo | 1 i a t3ii4 ls 
Veke J. F : 


& @s: 





6 i 7 








19780 997 °04'9978C9}29731 38 | 


oe eee z - 
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370 TABLE or SINES ano TANGENTS. 145. 


eee eee ee 





Oo Degree. 1 Degree. 
rd Sine }Co-tin: ) Vang. [inate _iM Sine. | Co-tine} bang. |Co-tang. | __ 
© 







































10,00000)1 occoc!>,cooo~| Infinite. Gof «-3,24138619,99993/5,24.392{3 197 5808 | 60. 
11353627 59; '/3,2490319.99993 8,249 10/1157 5090, 59 

8,2560y/9,9949 3'8,25636) 1 1574334! 58 
%,26 30419,99993/8,26312/12,73088) 57 


—— 


116,46 37 31919990916 ,46 373 
2,6,76476'9,99999 6,76476;13,23524 53| 2 
319,948 5'9,9999916,94085|1 3.05915 57, 3 4 
| 4:72€857919,94999|7 06579, 12193421 56| 4/3,2698%)9,99992/8,26996) 13,7 3004! 56 
§|71627019,9999917916270[12 83730 58) 518,2766119,99992/8,27669)1 1472331155 

6|7,24183'9,99999|7234188!12,75812 54) 618 28324/9,99992/%,28332 11,72668' 54. 

717,3088219,99999 LS Bi ta lilt $3) 7/8.2%97719199992|3,28986]11,71014: 53, 
18 71366829, y9 994! 7) 36682! 12,6 3313 521 81852962 119,99991| 3529629 12572371} 52 
| 17241797 {9:99999| 7241797! (2158203 $14 _9/8-3025 +19-9995 118, 30263 11,69737/52 

















12474637 3191999991 714637 3. 12) 53627150, 1C}8, 30879] 9.9909 1|8, 30888) 1 1,691 12/50, 
£117§0512'9,999991 7950512, 12549488 49! 118, 324951919999 '/8,31505|11,68495 49: 
ae 795429119,99999 7954291112,457¢9'48).12 3432 1031999990 8,32212/15,67888/ 42 
1317957797 9,9999917957 7671294223 3471 £ 318232702] 9.99990] 8, 3271 8/11,67289)47: 
ees 9.9999917160986 insger44 14/553 3292!9,99990] 8,3 3302 1166698146 
a 51736 3932|9,99999 763982) 12,36018'4 5) | 5139 3357S! 9299990] 8, 33986]11,65114/45) 
1 | 566784 9,99999!7,0578 5'12,3 321 5:44] 16/8, 344 5c 19,99980/8, 34461 /1 1,65 539144 
717269417 9599999176941 jt 2930582,43/1 71835010 9199989! 5, 3 5029/1 64971143: 
$1 7171990'9,99499| 7971900, 12528 100142) 183,35 5738/9 99989] 853 5590/1 1164410' 42 
Eig it tan 9.99999 774248] 12,257 5241519 3,361 3119,99989 8,365 43)11,63857°41, 








2017276475 9,99699 7176476112,2 3524140) 2< ‘936678 91999838] 8, 36689 11,63 313140, 
12117278594'9,94 999! 757359 5|12,B2405 39) 21185372171 9,99488/ 8, 37229 11,62773/39; 
} 22175806 15'9,99999| 798061 5|12919 33.635] 22'8. 37750, 9.99988) 8, 37762111,6223h 28 

2317982545 9199999] 7182 546)/1291745413 /| 2313938276: 9,99937)8,3828g/11,61717 37. 
'24;7184393 9-99499| 7684394) 1211 560636) 24/8, 38796/9.9987) 838809) 11,61 191) 36 
2.5' 7186100 9,99999) 7186 167)4 2, 2383 3,3 + 2 5:55393 10}9199987/ 8, 39323)! 160677 35 
26 7,87870 9399990787871 1232120134, 26/3, 3461819,99986| 8, 398 32}! 1,60168! 34 
27'7,%950Y 9.59999| 7289 510112. 1049013 3/'2713,4032019,99956) 8,403 34) 11, 595C6) 33 
.2$'7,91088 9.99999 7:9 1089/12,0591 1]32! sep aha 9.99986 340830 13559170) 32 

2917 92612 9,9U9g8 759251 3.12,0738- 3112918,41307,9 9998 518.41 321) 11, 58679: 3) 

42/7 94034 9,9:,993/7194¢80!1 2,05914)3¢ 3/841 792'9 9998 5}%.41807/11, 5819 3/30 

3157 95508,.9 g9¢98) 7995510112, 044912 3118,422;2:9,00Q8 5, 8,42287/ 13557713 29 

52: 71968387 9,99958)7:9688g 12,031 11/28) 3213,42 746) 9.99984) 8,42762/11,57233/25 

3317-98 .23.9,99993]7198225!12,0177 5:27] 338.4 5216.9 999%4 3543231181, 567A8)27 

“47-9952. 9.99998|7199522)12,00478) : 6 34'3,4308e 9.99984/8,4369611 1556304126 

35 8,9°779-9,99998|8,0078 111 3,992 19]? 5! 35:3.4413919,9U9%3| 5o448 56/1155 5824/2 5 
36,8,02002 9,99998/8,0200411 1,97996): 4 3618,44°594!9-9998 3/3,44611 11,55359:24 

37;8+03192 949999 71/8,03194)1 1,96806)2 .! 37!8,450.44/9,9998 3|8145061/ 1 15549 39123 
38181043 50'9,9909718,043 5 311149 5647]22) 3818,4.548q' 904998218445 507]1 1) 54493,22 
39,8105478 9999997 8,05481!1 1194519123 39 354593 19999932 394594811 1954052121 
'4¢)8106 578 3999997 8,06581 199 3419)20 4C'8 463 06)9-99 582 44638 <111,§361 5/20 
41/807 5019.99997 8,0765 31 11492347/19; 41/3,46798/9-99981| 846817)! 1953183/19 J 
42 8,08696/9,99997 8,08700]1 1,9 1 300] 18) 42|8,47226]9,99981| 824724511 1, 52755) 28° 
4$413,09718!9,99997|8:09722| (1,902.78)! 714313447650] 919998C} 814. 765g) 1 1552331) 17 
44°3110717|9,99996 8,10720)11,8y28<)16) 44/8,43069)4,99980/ 3,48089/1 1751913, 16 
'4.5,8:1 169 2'9,99996)8,1 1696 11,88 304/16 4318,4848 5:9,99980/8,48505/11552495'15 
'46'8,1264719,99996 er 11537 349/141 46/8,48396/9.99979/ 8.48917) 11551053) 14 
473.13 581/9,09996/8,1 3585] 11,8641 5113, 4713149304) 9199979181493? 5]! 1,50675)1 5, 
'g 3 3514495 9.99090618,14500/11,8 5 500/12! 42)3,49708'9,99979 8,49729/11,50271( 82 
40]8615391'9.99996/8115395)t2,84405/11 49'%,s0'08'9 59978 8,50130]11.49870'TE 

5018, 1620319,9999 5 8, 1627 3111583727 1} 50154 50504 919997818, 50527) 8814947 3110: 
61'8.17 123819, 9999 5189172 33111182867) 9: $118, 5059719,99977 8, 5092¢] | 3 9. 
°52:8,19797119-9999¢}8,17970}11,82024| 8/52], 5128719,99977 8,5¢31 
'53,8,18798iy,99995]8,18804/11,81196) 71/5318, 5167319,99972 8, 51696) 12548304 
b 54°8,1961619,99995 8,196 16}11,803 4! 6) 52/8, 6205519,99976/8, 52079 11547925 
-§§,3,2040719,49994/8-2041 3 11579587 55 5185 5243419:99976| 852459) 1154754! 
'§6°8,21189 9:99994]/3921195/11978805' 4 56/8,528 3 £1547165 
'57'8,2195519,99994|8,21964/11,78036! 31/5718, 5318319,9997 5/815320 
'53'8,2278 319,96994;992272¢ 11577289, 52)355355219.99974| 3953578] 11,4642: 
'5918)23456|9,99994 8,23462 shah ie 11159182539 1919999974 8153945 13446055} 3 
~~ 6.9,9999318,24192111575803! 0 /6c'R, 54.28219,99974|81 5430 

Co-fine | Sine |Co-tan. [Tangent IM: Sine 
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___ By Degrees. 
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,10185 577571999909 8, 5779311 4224 2/50 {£0]8574226.9.999 34187429441 1525708 
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2 1|8,61282|9,99963)8,63 319]1 1, 3868 1/39 12118,76667/9,9992618,7674a]! 1523258] 39) 
228,61 584929996 3/8, 52620): 133374 33. 2218,7688 39,0992 587695811 1,2 3042/33: 
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3513285391 92499 56/38,65436/11534565 25}-35 3,79588 199915 38,7997 3[£1,20327 26) 
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14 8,368, 6 9,9988118.8693 5/1153 3065146]'14!8,96005'9,99819|8,96187|11,038 1 3146] 
15 8,8698-'9,9982013,87 1C6)1 151289414 5 115359614 3'9,99817/%,96325|11,0367514 5 
£6 3,87156 999987913 ,3727 7108912723 /45),16 349623019958 16 8 96464] 1 1903 53614, 
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5|9:09101)9,99667 9:09434|10,90566 55 
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16199 10205191996 5019,105 5 5]10,8944 514, 
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3619 ,0604.019,9971 119,663 35110,9 3665124 369512142 9:9961719, 12525 10,87475 24 
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1449:069 1 119,9964919,0721 1/1092 789) 16)144:95 1289219,9 ,603/9,1 3289}10,86711 
45,920701319,99698/9 07 320}10,92680)1 5/45/91 298 519,99601|9,13 384] 10,86616 
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2319s 58070191965 9819)614.72/ 10) 38 528) 37:12 3193 598661919627819 56 3 583) (0,464 13/37 
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999530419469 1 38/1 0,30862) 5° 
999529819,69 170/10, 3083045 
| 5241033074 8148 
9995236/9,692 34) 10, 3076647 
|? 419-6454 519,9527919,692.66]10, 30734146 
918457 119,9527 3/9,69298| 10, 3070214 j 
916459619,9526719,69 329)1 0, 3067 Haq 
| 1 719,64622/959 52.6 1|9,69 361110, 30639143 
t 1 819,6464.719,9 52541956939 3|10, 30607142 
I 191916467 319,9524219,6942 5]1013057 5/4! 
1 >019,64693|9,95242/9,69457|10,30543/4¢ 
13 119,647241959523 41969433) 10, 30512134 
99 522919, 69 520] 30, 30480) 38 
12 319164.77 5199522319369 5 52) 10530448137 
"2-419 648001919 521719159 584) 10,3041 636 
12 5|9 164826199 522 11916961 5/10; 3038513 5 
2.6}9 648 511919520419,69647) 10,303 53/34 
2719648771929 § 19319569679) 10, 30323133 
2.319,64902/9195192/9,697 10} 10) 30290) 32 
|29|9,6492-71919 518 519,69742| 10,302 53131 
Be 91649531999 5179199774) 105 30226)30 
3119,6497819,9517319,69805/10, 3019 29 
32196 5003/9.95 167/9,698 33] 10, 30163128; 
33/916 502919,9 5 160/9,69868) 10, 30132127 
341916 5054192951 $419169900) 10, 30100126, 
35195 5079)9995 14819,699 32/10, 30068125 
3619,65 10419595 14119169963) 10,3003 7/24 
3719265 1 30195951 3.519,59995|10, 30005123 
33]9,651 5519595 82919, 70026)10,299741/22 
391965 180/919 §122/9370058]10,29942121 
9:9511519,7c089]10,2991 1/20 
411996 523019995 11019,70121110,29879] 19 
421956525 519195 103192701 52)10529848/38 
$3191652381/99 509719) 703 8.4110,298 16) 17 
441965 3061919 5090)9,7021 5)10,2978 5116 
4519053311929 508419,70247}19)2975 3115 
4619,653561919507319,70278)10,29722/ 14 
4.719y6 533 11919 $7 119970309] 10,2969 1113 
4319 ,6 5406919 506 519,70341}10,29659112 
9196 54.3119»9 505919970372) (0,29628|1 3 
ZO411C924 595/10 

10,29 565 


551998558 


10 996595 1999492310 
1119 ; 

12 ra el 

13196602 919,949041¢ 
14193660,5019:94898/9,711 $3 
7 96607 519,94891|9,73384 
1 


9r71586|10)2841 

291916641 619,94799|9 7261 7|10,28383 
399° : 
311916646519,947 
3219166489/9:947804 
331926651 31¢ 
3419,665 371 
3519166 562K 
3619, 66 586lq 
371916661016 
3319666 34lg ol 
39 966658 9947 ‘ 
4019, 6662 219,9472719,71955 
4! 9,66 ON 9394720 927198€ 
4 9,66731 9,947 1419,720 
43192567 5 519194707 

916677919,947001g 
45 96680 , 19459 
4519,66827\9,94687}c 
4719166851 9» 
48916637 s19,946741c 
4919:6689919,94667 


50}9,00¢ 


90I9»7 150 : 
997 183 3]10,28 


59192671 3719194600 
60)9,67 16119994.59 31 
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484. TABLE ox SINES ano TANGENTS. 145. 
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M} ‘Sine |Co-fine | Tang. |Co-tang. 
3192571 6119.94593 19172567] 10,2743 316011 019,6855719,94182) 9,74.37 51102 562 Si6c 
9967 18 519594587 9972598]F027 402159} t 9268 58019,94175 159 
9294580/9,72628) 105273721581| 219,6860319,94 168) 957443 5]80225565) 5% 3 
1926723219,9457 3191725591 109273411571) 31916862 519,9416 19,7446 5)10,2553 5157) 
#191672 56 9:9456719,7268¢ 9:6864319,941 5419174494}10s2 5 506156 
1915728019594 56019,72720 5/926867 519,941.47) 99745241102 5476 
619167 303195945 5319272750 1544 | 
96732719194 546|9,72780 : 
Bi 9673501¢ 6 
926 196876 219,941 1919,74643]10,25357)51) 
$0} 110}9,6878419941 12|957467 3|10,2 5337 
994519 /974902}1 0,270981491/1119,6880719,9410519174702|10,2529 Bigg 
10,27068/48//12/9,6882¢ 9974.7 32110525 268145 
13191688 5219,9409019,74762/10,2 5238147) 
| 461114/926887 519,940 3/9,74791) 10,2 52b¢ 
916755 5/9:9449219,73023/10,2697714 Sit1 51916889 719,9407619,7482 1]10,251 794 6 | 
9257 53919,94485 19573054) 10,269461441|1 619,6892019,94069/ 95748 5 1]10,2 51494441 
967 5621994479197 3084) 10,269 1614 3/117 968942 9194062|9,7488o]T0,2512044 3} 
9167 §8619,94472 19,731 14! 10,26886142/11 8196896 519,9405 519,749 fojT 0,2 5090421 
1#9,9267609|9,0446 519,73 14.4] 10,268 56141111 919,6898719,94048/9,749 39|10,25065|4 
$2.019,6763 319,944581957327 5) 10,2682 514C|/20/9)6901019,94041 | 9174969|10,2503 11401 
[2 #19)6765619.94451 19573205] 1052679 5139]12 11916903 219:940341917499 39 
* 219,676 019194445 927 323 5| 10,2676 5) 38})20'9,6905 51994027/9,75028|10,24972/38F 
J? 3916770319:9443819,73205}10,267 35/3 7/123 926907 71994020|957 50 58|10,2.494 21371 
2-4. 9167726195944 31 [997329 5]10,2670 5/3 6}12.419,69100/9,94012/957 5087|101249 1 31364 
I? 5,91677501919442419973 326110, 3667413 51/2 5/9169 12219,9400519,75117/10,2488313 cf 
imalagttel 994417195733 56] 10,2664.41 34112619169 14419193998) 9975 146|10,2438 54i3.a4) 
'967796|9,9441019,73 386] 10,26614|3 3]27|9,6916 9193991|9575176|10,24824133 
42.8 9,6782019,94404 195734 16}10,26 584] 32|/28/9,69 189191939841 957 5205|1052479 5132 
{2919,67843 9194397 [917 3446) 10,26 55413 4129191692 1219.9 3977|9175235|10124765137) 
430,919 786619,94390 1957 34.76}1.052.6 52.4 301130191692 3419,9 997 01 917 5264/10, 247 36/3cf 
| 32,9:67890 9994385 973 507]10,264931291/3 1191692 561959 3963/9,75294110,24706)29) 
$2,916791 3190437 9973537 10,26463/28}/ 3249,6927¢ 919395519975323 10,24677}28) 
§ 33, 99679 3619943691957 3 567] 10,2643 2)2.7113 319,69 30119,9 3948195753 53/10,2404 71276 
13492979 5919194 36219173 597|14,26403126} 3419,69333/99 39411907 5382|10,2463 S26 
835 99979821959435 51997 3627) 1052637 312.5113 519,69 34 5193939341997 54.1 111,24 5 8Qiz. cf 
36,916800619,94.349 1997 36 57}10,26343)2411 3619169 36819,93927197544.1|50,245 59124) 
37,9:0802919,94342 ia 10,2 31 3/2 3113 7/9169 3901919 39201047 5470|10)345 3012 38 
$38, 919805219,94.53 519.7 $717|10,26283)221/38/9,6941 219,939 1219575 soa|tO,24 soojagy 
: 39 9398075994328 997 3747| 102625 3121113919,694341919390519975529110r2447 Haat 
f 


40 9,68098|9,9432119173777|10,26223120}/40)950945619,9 3898/9175 5 58|10)24442}20 
42968121 /9,943 141957 3807|10,26193/19/14119:6947919,93891 975588 10,24412119 
429168144 1994307191738 47) 10,26163/181142/9,6950119,9388419,7 561711052438 3118) 
143, 9:68 167/9,9430019,733867|10,261 33/1 711431956952 319,9 3876/97 5647/10,243 53157) 
44\9:63190 9994294 927 3897|10,26 103] 16114419159 5451959 38691957567 6/10,24 324 

45 92682 4319942861947 3927| 10,2607 311 5/14 519159 56719,9 386219,75705|10,2429 

46 9108837 9994279]9273957|10r26043] 14] |46|9,495 891919 385519575735] 102242051 
47)916826019,94.27 319573987) 012601 311 311471916961 1/999 384.719,7 5764|10,242 36 
43,9:682.82 19,9426) 9, 7401711052598 3112114819,496 3 319.9 3840]9,75793]10,24207|13] 
491956830 5191942 59974047]! 042 595311 111491915965 519.9383 319,75822\roagn 7B 
5019568 328(9,942.5219174077|10,2 5923) 1011501916967 7199 3826|0,758 52110,24148 
151/9,683 51 9194245|9974107 10,2589] 9]/51/9199699191938191/9,75981|10, 24119 OF - 
$2,9,68374 994238/9574.137/10,25863> 81152/9,497211q,9381319,7592O110,24090 § 
53/998 39719,942311974166]10,2538341 71/5 319,697431919380419,76939)10,24061 
916842019, 942.24) 9974.190)/10,25804) 6154/9,6976 519,93797/9, 75969 

§ 51963443 19,9421749.742261105257741 5115 519169787191937891917 5998]! 012400 
56191684669 ,942101 95742 96)10,257441 4115619,6980919,93782/9,76027}10,239 


5 

5 $321919419919,74316]10,256841 21158191698 5319593 7638/9, 76086 

$9193 53419994189 19974 345]10,2565 57 31591916987 5191939750| 95761 1 5]10523 

6019.68 §57/9,94182 19,7437 5|10,2 5625 69897199 3753|9276144110,238 56] oF 
Sine {Co-tan. |'l'angent4M Sine {Co-tan. |Tangent.(Mg. 
61 Degrees | 60 Degrees. 
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30 Degrees. - 31 Vegrees. 





Mi Sine [Co fines! Tang. |Co-tang. Sine [Co-fine | Vang. [Co-tang. 
019169397/9,9 37 5319.76. 5 0997 113419,9 339719577377 jonaar3 


1191712051919 329919177906) 10,22094 59 
219,7 1226 sa 99779 35] 10,22065'58 
3]9>712471929 32841947 796 3)10,22037)57 
4199712681959 327619,77992 10,82008| 56 
$1927128919,9 326919,78020]10,2 1930/5 5 
619571 310/999320119,78049 ong 5 


219,6994.119,937 38)9)76202/¢0,2 3758] ss 
31916996319,937 5 119,762 3 1/10,23769) 57 
41926998419,93724!9, 7626 1/10,2 37 39] 50 
519279 20619 937 17/9,70290]10,2371015 5 
5195700281959 3709'9,763 19}1 0,2 3681/54 
719270050199 370219, 76 34.311 0,2 3652153 
819 700721919359 519,763 7 7(10,2362 3) 52 
919 +7099 319,9368 719, 76406'1 052 3594 5H 
10/9,7OL 151959308019, 763 35/10,2 3565|5¢ 
11199701 37/919 367 319576404110, 2 3536149 
12199701 591919365 51957 049 3110,23 507148 
1 31970 180/959 36 539,76 $22/10,23473149 
#4 41917020219,9 3650)9,765 §1]10,2 3449146 
1 §19»7022419,9 364 319,75 s80}10,2342014.¢ 
1619,70245 959 3630 9,76609]10,2 339114 
1 1 719702671959 362 819, 76639!10,23 361143 
11819, 7028819,9 362 119, 76663! 10,23 332/42 
1191927031019,9 361 4)9, 76697|10,2 3 303141 
20191703 321959360619, 7692 5/10,2327 5140 
121191703 5 31999 3599|91767 54/10,2 3246/3, 
22197037 519193591 1917678 3110,23217/38 
12 3192703961939 353419, 7681 2|10,23 188) 37 
241917041 81959 357719,7634 1/10,2 31591 36|'24!9,7 168519,9312 319,78 562|10,21438130. 
42 1917043919193 569197 $870|10523 1 30135 349971705 91931151978 590) 10,21430135 
1261917046 11949 356219, 7656 9]/10,2 31081 341/26'9,71726/9,93107/9,78038)10,23 382134. 
271917048219 ,93554|9,76923|10,2 3072] 3 312719,7174.719 93 10019,78647| 10521 3 3) 33 
28191 705041959 354719,76957|10,2 304313212819, 717671919 309219,7857 5110,21 325132 
| 291997052 519193539 9.76936{10,2 3014/31 29 9971 783819,9303419,78704|10,21296 31 
H 30/92 7954.719 +9 3 53 219.7701 §/10,2298 5) 351,3019,71809 999307 71978732 10,21268,30. 
3 1197956819,93 §2519,7704.411 0,229 56/291! 3119,7182919,9 306919578 760/10,21 240129 
3219979 $909293 5171997707 3|10,229271281132:9,7 18 §619,9 306 119,78 789!10,2121 3128, 
33192706 11919 3 $1019,77101|10,22899]27)13 3:9, 7 1870/9,9 305 319, 78817/10,21 183127, 
1 3.419706 3 319,93502 99771 30|10,22870}26]1344957 189 119,9 3046.9578845'10,21 365 26. 
N 3 5191796541959 3495199772 S9|10,22841 2.51|3 5199719 1119,9 3038.9,78874|10,2132625) 
3619,7067 519,9343719,77 183) 10,2281 2124]/3619,7 19 3219,9 3030.9,78902|10,2 7098124 
371997069719,9348019,77217)10,2278312 3113 719,719 §219,93022,9,78930|10,21070.23 
| 38/9,7071819,93472/9,77246|10,22754/221/3"19,71973 9993014.9,739 59/19, 2104122 
39192707 391999 346 519977274|10,2272612 1113919471993 9+93007)9,78987/10.2101 321 


42197070 11959345 719077 3031t0,22607 z0!40 99720 1419,92999'957901 §)10,2098 5]20 
41199727821999 34.5919,773 22/10, 22.668} 10 /4319,7203419,92.99119,79043|10,209 57119 
4219,7080319,9 344219, 77361110,226 39] 18)14219,7205519,9208319,79072 10,20928/18 
43]9»708241919343 $19.77390|10,226 101171143/9,7207 519,9297619,79 100] 10,209 
14-419, 7084619,9342.719,77418|10,22 582) 16 917209619,92963/9,79128/10,20872)16 
14 5192798671999 342019,77447|10,22.653/ 15], 
146 91708881959 3412 997213719,9295219,79185/10,2081 5114 
4 7/92799091929340 519977 505/10,2249 5/1 3114-7/9,721 5 719,9294419,79213110,20787/13 
14319: 7093 1193933971977 5 2 3110,22467| 1 2114819,7217719,9293619,79241| 16,207 sg]t2 
149] 99709 5219-9 329019177 5621103224 38)1 1/1: 919.7219819,92929)9,79209|10,2073 nF I 
5219» 7997 31959 338219977591 1022409) 10]|/50]9,722 1 819.9292 119,79297|10,20703/10 
5 1907099419 +9 337 5192776 19|10,22 3811 gi15119,7223819,9291 31979 32.61 10,2067 
§ 21997 TO! 519,93 36719577648 10,223 52 5 219.7225919,9290519179 354110,20646 
I 5 31997 203619.9 3 36019,77677) 10,22 323 
$41997105819,9 3 95219577706|10,22294 
15 $1997 397919193 3 
§ 919973 1001959 3337 
57 997112319,93 329 
§9]997 12421999 3322 
5919971 193199933 1419,77849|/ 10,221 51 


60)9573 1841959 330719577877110,22123) oll6 
a . |Co-fine.} Sine iGo tan. [Tangent. |M 
: _ §9 Degrees. 


ee ee 


119,699 1919,9 374619, 7617 4| 10,2 3327) 54 


71927133 11999 325 319.7307 7|10,2 192 3/5 3 
819,773 521929 324.019,73 106/10,21894!52 
G19+7137319+9324319,78 135}:0.21865151 
101957 1393/49 32301), 78 163|10,2 1837/50 
1319,714141959 322 319,78192]10, -1808 49 
121957143 5|959 321 519,78220 10,2178048 
131997 14 50/919 320719, 78249110, 2175147 
1419714771999 320019, 78277) 10, 2372346 
1 5195714981919 19219, 78 306|10,21694'4.5 
161997 1§ 191919 3184|9.78334/10,21606 4a 
1719971 § 391929327 719,78 363/10,2 1637.43 
1819,7156019)93 169/9,73 391]10,2 1609/42! 
191957158 119193 16119, 734 19 102158143) 
201957 160219,9 315419,73448110,21 552 40: 
: 9»7162219,9314619,738476 10521524139: 














221957164319193 1 381917350 5]10,21495138 
31957 166419,9313119,75533 oe 
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32 Degrees. : 33 ‘Degrees. 
Co-line | Tang. |Co-tang. iM] Sine. | Co-fine| Tang. |Co-tang. ; 




















11997244 119928 3.419579627]1020393159] 119973630, 9:923 51 [9,82279)10,13721 55} 
219,7246 119,92826|9,796 35|10,2036 51581 219,736 5¢19,92343 19,81 307/10, 1869 3's 
319,7248219,92818/9,79663|10,20337|57! 319+736091919233419581 335110, 18665 57 
lees 9992810 917969 1|12,20309/56| 4:9,7368y'9,9232 19481302; 10,1863. 59% 
519+72 5221919280 3195797 19]10,2028 115 5) 3» »7 3708 |9923 '8 (9,81 390,10, 18610 55} 
6 917254219 £92795 |49979747| 102025 3154: 6:9.75727 3 92310 9921418), 18582. 54 
79072502 9192737 997977610,20224153| 7 219973747 '9292 302 /9,81445/10.18555 533 
31957258219, 92779: 9179804 10,201 96 $2} 319573 766'9, 92293198547 3|10.18527 52} 
9 '9,726.:249, 92771 9979%.32)10,20165)51} 9 9573785. 9-92235 19, 9 81500 10,1850c°51 
1019,7262219,927 63 9379200110,20146 50 1019373805) 9,92277 9781528. 10, 13472! 50! 
U1 9972643199275 5 9979553}10,201 12149) 11 9973824)9,92269 9181 556/101 844414; 
12 997290 319592747 91799 16)10,2COB tr 121597 3843) 992260/9.81 58 3510, 1841 7142, 
(319,7268 319,927 39 9979G44]10,200 5¢ 74139 17336 319,92252/9,81613 10,33389147, 
1419572 70319.9273) 9.79972 10,20028 46! 14.917383219,92244 9.81638 10,13 362.4. 
11997272 39> 92723 9,Boo0¢ |10,20C0c14 5) t 51957 3901! 959223 5 19,8 1666] 10,18334.4 51 
a7 745)97 74591 0078 10,19972 44iTCi9, 73921] 919222719,8 693] 10,18 307,44) 
171957276 2194 2 7G7 86056] 10515944 $3417 71957 39-40] 9.92219/9,81721)10,3827914 3] 
18 917278 jlog2 6y9 9,80084}10,199 1 6142181957 3959}9-9221119,81748 10,182 521424 
19.957 2803 9392691 9,80112 1041 9885}4 11191997 3978) 9.92202 9192202 ,9,31776 10, 4822414 || 
"209, 9.7282 319592083 9.8014 : qoy2e' 997 3997)9> 9924941998130 3 10518197 404 
-2319,7234 3199257 5.9,80163/10, 1933 - 3912119, 7401 7(9g21Si9, »31831/210,18 169594 
,22' 497 236 319,92667 9,8019 5) 10,1950 5 3%; 22/9, 74026) 9.92577 9»81850' 10,18 54213} 
123) 19,7288 319,926 59 98e233 10919777137; 23,997405 5) 9992169 9181856 )10, 18114 344 
M957 2.90219,926 5 1'y,8025 1110, 99746130! 24 974074] 9.92 16119,8191 3, 10,2805 7,3 
2 '9972922)9 9264319,80279]10,19721 35125.927409 31 9922$2/9,81941/10, 1305 ¢ 93) 
rel abe 919 263 5.9,89307110,1 96g 3/34 26 917431319192144 9181968,10, 13032 34: 
72962 9262719,3033 5 10,1966 5]3 3! 27'9,74132/9,921 30/9,8 1996: 80, 3 8co4]3 5, 
38 99729S2)9,92619)2 90 365) 10,146 37]32 jae 95745511/9,92127 98202 3119, 3797713 3° 
26 9,7 300219,92611 9s 80391 10,19609 3u 29 0974170,95 92119! 9:8205.: pemeart a 
¢ 201955 3022 939260 *19, 804% 10,1959! 3C: 3¢'997418419,.52101 '9,82075 10519922! 3 
3119,5 304119, an Aa 10919 5§3,2G: 31.9,7420%/9,92102, 19182 106:10, 378942 
321957 3064 0,9258719,5047 HO, 19 52e 28 3°9574227 9192094982133" 10,5 7807,20: 
331997 309 1195925 70,9, 80502/10, 19492127; 33997424619 92080!9,82 165, 1041783927 
341957 310119,92.57 119,805 304505194. 7-126 3 419974205(9, 92077|9,82185 20117812520 
351097312 319,92563/9,805 66 "7 359, 742849» 192069: 9 ,82215, £0317785)- 5 
| 36l997 3140 9992555198058: 1051.94 14/24, 569574303 9, 92.060!9,82243 10517757454 
371997 38 6019092 54¢ 9-806 14/1919 53612 33719974322) 9,92052'9,82270) 10587730173 
389473! 8c]9.G2 535 19,80642)10,193 58)22 213819574541 9952044 9182298. 10,17702/22! 
39 997 Z2BCLIQIOZ 4 36 [998066 5] 10519 3 31421)'39,9974 300) 9, 9192035 9182325, '£0,1767 [21 
+0 997 321919,92522/9,:4-697 10,1930, 2014°'9574379|9192027 9192027 9592352! 10, 176412: 
"411997 323G19192 5 14]9) 3072 5110,1927 5 19'43/9s74395/ 9192048 '9782380)10, 17620; ‘191 
42/997 32545), g2508 925075 [1019247 1,42 9974417, 9192010'9,82407, 10517593: 12 
1451997 327° 10,924.95 5191807 8 1]10,19219}17 7!'43'9974436. 9992002 9982435) 10517565 17) 
44 957_29319)92400 19, 80808; 1051919216. 4419974455 91993! 9.82462: 10337538 10 
45195733 '$i9,92482/9,5085 GlrOy1 gr 64its 4519974474,9991935 '9,82489' BC917 53118 55 
45.957 33371990247 3 9280364] 10,19 1 36 14" 46195744939, 91976:9,82517: 1017483! tad 
47.997 33.57]95924 6 519180892] 10,19 1 08 13. 4719974542,9:91968 19,825.44 1051745 6;13) 
{997 337 7199245 719809191 0,1 908 1112! 4819574531. 9,91959/9182571|10)174.29)12 
490073398, 9992449191809 47/1041 905 3{ 1 1'4.9/9+74 54999 195119182599 10517401]F1f 
lea 19973416 91 92441 998CQ97 10,1GO25|10' 5 9174508" 9,9 194219,82626/ 19,1737 *| 
511957 343 5.919243 31928 1003]10515995] 91.5119, 745879591934 [998265 3110,17347| 9 
52/997 345 5'9192425|9,8 1030 10,18y 70} 8, 52/95 74600 9191925 98268 1/10,173 19) ® 
53 997 3474 9192416/0,3105%| 10518942) 7.53)9174625 9,9191719,82708| 10,572 ‘| 
5.41997 3-49-1'999240S/9,9 1086]}10,18914 615; SaaGeh 9,9190819,82735;10,17265) 9 
5 19273513 919249C/9981 41 3/10,18887] 515519974662 19,91900|9,82702/ 10,27238 
5610573533 923921314 NHIA,IS3 Sy 4 56/997468 1 /9,9289119,82790) 10,1721 | 





Oja7242 919284 195795 79|10,20421 bc) 3 3618 
















=e ee 



































































+ 












pan inne 
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Perr 9192 367)99352241105187 76] 1)59'9974737/9191866/9,82871/10,57229) IF 
6c 609.7364 91923 59/9581252)10,18743} 0 560.9747 99747 56 919185719,82899| 10,17501} OF 
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pyre a TN 








9992359 928125 2| 10518743 50% 


ee ee 







M 
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0195747 $0,919 1857, 39%2899) 10917 101,60) 0,997 4059 99 13301G28452 3) 10415477) 00, 
119574775 9 184.9'9,$2920!10,17074159 | 1191752779191 328]9,845 5c 10515450 59) 
- 21917479499 1840 918295 3]10r87047) 58 | 29975895 9291319199845 70) 10,1 54.24 53; 
319174812199 183 219,829 80) 10,1 7020} 57 319975913939! 310}9,84603! 10515397) 57: 
4!9,7483° eas gasseyseneoeg 55 4997593119991 39 119,846 301 10,15 370) 56. 
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5190748 501919 181 51918303 5/10,1 69551551 5.9975949,909 1292195846 57) 10915343155 
61957494 9191806 9,8 3002/10,16933 54 6.947 596719091283 9,84.684] 10,15 310) 54. 
719,74337'9:91798,998 3089]101691 3 $3 | 79275985!919127419,847 1 1) 10515239153 
— 819,7990619,91789,9933117 10,16883 52} 8 9,76003(9,91266/9,847 38) 10, 1526245 
9 re eer eee ae EDS Ua th 1091 5239)51, 














10/9174943 9591772983171 1016829; 501] 10'9,760391919 1248948479 1/1031 5209} 50 
111957496 1193917639933 19 10, 16802 49 111,9,76057 91912. 39]9,848 18] 10,1 5182/49 
12 9974980194917 5519983225 10,16775§ 48, 12'9.76075199912 30913484 5] 1051 5155148 
1319174991909 1 74.0,9:83252/10,16748,47|| { 3,9,7609 31991221/9,84872)10, 15128147 
14]997 5037 999173398328 10,16720 46114. 9,761119,91212 0,84899|/10,15 101146, 
"11997 503419,91729'998 3 307 £0,16693.45]|1 59976129 9191203195846 m5] 1091 5075145, 
161997 §05419191720 9983 33.4 £0, 16606 44 110.9,761469,91 194|9,84952[10,1 5048144: 
Oy 9575073 999 1712.9, 3 361 10,166 39143) 17:9,76 16419991335 9134979} 10,1502! 43! 
‘£81997 509 119191 70319983338 10,16612'42 18'9,76182/9.91 17 619,8 5006} 10,1499 42, 
liglgs75t 1019,9169 51983415 10,26 585/41) 19'997620019,9116719,35033|10914907141 
2.0197 51281959 1636/9,8 3442110, 165 58 40420/9,762 1819911581958 5059] 10, 44941|4C' 
2.11957 §14.719s9 1677|9:83470 103165 30) 39° 21,9:76236 1911491998 §086]10,34914) 39: 
221957516 51919 166919,83497] 10916 503) 38,/22,9)762.5 31991141 /9,35 1 13] 10524887) 33: 
2.319575 1841919 166019,83524|10,16476| 37)123.997627 1/9091 1 3.219,8 5 140|10,1436e)37, 
24197 52021919165 1/9983 $5 1/L0,16449 36)/2.4!9:76289 19,91 12 2,9,35 166) 10,14834 36: 
2.5197 §221/.9 16431908 3578) Opt 6422/35! 25 976307 92941 14198 §193]10314807/3 5, 
26 93752391999 163 9,83605/10,16395 34! 26,9176324 1991105]9985220]10,14780} 34: 
27 997 525319191625 9,836 32 10,16 368] 33 '27:9176 34219291096 9435247} 10914.7 53] 33: 
'2819,7§276h59 161 7/98 3659] 10, 16341) 32 289576360199 108719,3 527 3)10314727 32, 
'2.919,7 52941919 160819 ,8 368610, 163 14] 81/29/9476 3781919 1073/9.85 300) 1051470C] 31 
"4301997531 31919 1599 9783713110, 16237 301) 30;9979395 99 1069/9583 5 3271 10,1467 3/30; 
1311997 53331919159 119283740110, 16260 291,3119,7641 3,929 1060 9985354 10,14646/29. 
(32;997 $3 50}049 1 58219183708 10,16232 28! 32:9176431.99105! 9185380) 10,14620)/28 
331997 5308}909 157 31948379 5) 10> 1820 5/27 33197 04481999 10429,8 54.07/10, 14593 
(3.419975 330,9,91 §65(9:83822110, 161738125} 34.976466 1919103 319,854.34) 10,14 566/26 
35 G97 542519091 $56,928 3849) 1051615 2/25 359976484 19 102 319,8 5460) 10,14.54012 5: 
3619975423 191547'918 387 10,16124|2 369576501 191014|9,8 5487/10, 14513124 
371997 544119191533 .9983903 10,16097/23 '37!92765191999100519,85514 10, 14486/23) 
3319754591999! §30'958 39 30 10,16070|22 ' 38199765 37 929099619)3 5 54.0] 10, 14.460 22, 
:39]997 547319993 52.1198 3967 10,16043 211; 39:9976554;3990987}9.8 5567} 10014-433)2! 
1401997 54961991 §1219,8 3984) 10,26016)/20 4019576572 91909731918 5594) 10,14406]20: 
41199755 24:9:9150 98401 1/101 5989 191.4.119576 «go, 190,69.9 &5620]10,14 380} 19: 
4.21997 553.3(929 £49 519184038}10,1 6962) 18!'42, 9476607 9,9096019,8 564.7110, 143 53/18; 
143199755 Saar 17 pa ese 958 5674|105;14326|17! 
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59:997584 119591 34519284496 10,15 504 

| 60 ,917585919»9133¢1928452 330115477 
+Co-tive| Sine |Co-tan. | Fangenc.| Mil 


_5 Degrees. 








! 

149 976730 190896'0,8 834 10,14 166) 13 
§0.917674719:90837.9)8 5860) 10, 1414U]10 
5119,76765 9908 781998 5887 10,14113 
|$29976782.9,9086519,8591 3|10, 14087 
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€1917692219,9674b19,36120)16,13874/LC | 019,77946.94902 3 5.9,377 11] 10,1228y (60 








1195769 391919078 719,861 53,10, 13847159 | 119,7796319,9022 519,877 38 10, 1226259 
2191769 571990777 4586179'10,13521 $3 | 219,7798c/9,90216)9,87704]10,122361 5% 
319970974} 9,907 L3!y,86206/10,13794'57 | 319477997 9:90206,9,8774c41 012210; 67 
419,76991 91907 54'4, 8623210513765) 56 4!9,73- 13'9,90197/9,57817) 10,1218 3/56 
519977 0C4 pi eat 5/9+7803°'9,9c187/9,878.43110, 321 57155 
619,77026 990741|9,30285'10)1 3715154 | 6|9,7%047'9.9017319,87B6g/10, 123311 64 














71917 7043/9197 3 +19 4863 12!10,1 3588153 | 7:917806 3'9,9016519,8789 5) oy ratosic3 
319+7706 119590722.9,863 38i110,1 366252 Big 7308c 9,90150'9,8792-|10,12078 
91997707 8)91G0713'9,8636.5110,1 3635/51 | 919,78097 9.90849 
1ol99% 79951919°704.9,86 3921051 3608! 50 {10 9173113.9.9013919:8797 
1319.73 1210,9¢694'9,56418 1013582149 £119,78 139,901 30)9,88C0 10,1 2000:491 
L2)917733¢ 91,9068 <!g, 36445 10593555 13 112:9,78147.9,90120/9,88027 10, 11973148 
1319977147)9,90676-9,86471 1013520 47 13'9,73163 ys9O11 119,880 5 3110, 11947147 
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169977199 
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1£195772 3391906309, 8660311051 33. 7/42 13/9,78246\9 9¢06319.83184)10,1 1816142 
19195772 $€:9- 90026 '9.866 30}10,1 33.70/41 [19 9578263 9,90u53|9-8821Cl1o,1 1790141 
2019:77-68 99900119,36656110,13 344/40 120 9,7828C'9,90043 9,3323 fenis bale 
211997728 519,9000:'9,8668 3/10,13317 39 '21|9,73296 9:9003 41988 262/10,117 38/39) 
22 (9977 302] 919059 2/9,8670 9/10,1329 1)33:'22:9,78313 
a3 
24199773399 -9057+119,3676 2110, 1 3278/36 \24.9:78346 919000519588 3.41/10,11659 36 
la: 99773539:90595iy 8675 9]20,13211135 |? 519973 36219,89995 9288367110, 11633135 

201997737: [91905 <519,8681 5110, 1318 5|34|'26 9573 37919,8998 51918839 3\+0,1 5607/34 
2719977 587}5 9054019, 863.4» 10,131 5813 3]/27'9,72 39 519:8997619,88420 10, £5 5801 33 
281997740 5191995 37/9,86S 68110, 1 31 32132 [123i9,78.4 1219, $996619,38444 10,115 54) 32 
peu I 9-90527.9)36%94 10,13106 31 129!9,78428 9:89956)9,88472 10,1 1528/31 
37499774 3919905 18\9,8692 1110, 1 30791 30 301957844 < 8944: 19,38498l 10,15 502) 3u 
3319>7 7450/9905 919.8664 7]1051 30531 91] 21 957846 115.899 37/0,38524110,11476|29 
321957747 3191994.99!9, 8697411051 3026123 ‘32917847819 8592719885 54-0, 41450128 

3 31997 749019190490)9,87c00}10,1 300c}27 53,978494 1899 18]9)88 57 7110531423127 

341957 707191904 380/9,87027/10,12973/26 134.9978 § 3 0ly, 89,08/9,8 860 310,11 397,26 

35|997752419»9047119,8705 2/10,12947 251135 917852719, 898g8{0,8862g]10, 11371425 

361957754 119190402/9,8707 9110,1292 1124136 9478 54 319,89853|9,8265 10,18 345124 

3719+77555}990-+5219,87 106) 10,12 894)2 3|137!9,78 <6cl9, 8987919, 8863 Ii1c, 22719123 

361997757 519:9%44 319987 1 321105 1286S)22 !38!9.78576'9,8986., 9938707; 10,11293'22 

39/9:77592 91994349187 158 1041284212 11139'9,78592/9,8985y10,887 3 3]1053 1267121 
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4119,77626 999041 519,872) 1/10, 3278911911 $1'9, 7362 5'9,8984c (9, 887810, 21234110 

42499774 219,904C5iy,87232119,12762118 42/9578642.9,8983¢ g 88812110, 11188) 13h 
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451997 7°9419190377/9,37 317]10, 126331 15114 5'9, 7869 119,89801/9,858qG 10,111 10/16 
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471997772719» 903 5819.37 309/10, 12631113147 5,78723:9,8978119,88942]10,1 1058113 

4319977744 1990 34519,87396|10,1 2604) 12 48.9:7873919,89771 9 8896810,11032!12 
45 997776119,993 3119,87422}10.12678] 41 14992787 5619.8976: g 88994{10.1 1aq06)11 

50195777 73191993 3699387448) 10,125 2110 \§0.947877219,89752|9, 8902030, 10980;10} 
[5 997779519990 3201998747 S\10,12525 g|i519578780)9,89742 9, 8904610, 109 54 
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5 1917782919,9030119.37527|10,12473] 9 153'9,7882119,89722 )8gog9]10, 10901 
8119.7 7846]4,9¢ 29219187554 10,124.46] 6) 54 9,72837:9.8971219.8912 5110, 1087 5 
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019,789 3419, 9653'y,8928 1}10,3071 9/60 9:7938719:29L5 91903 37)10,09103 ae 
191789 5019,89643 9 89307, 10,10693'59}1 119,79903]9s8904c19,9030 310,091 37| 59! 
2 9-78967/9,89633.9,89333 10, 106-6755] 21979918 918903.019.9088.\ 10,09 2811/33) 
3 9:3898319,89624 9,393 59|t0; 1064'|571 319,799 3419,8902019.909 14!10,09..86 5?! 
4'9,7899919+"9614'9,89385/10,1061 5156]! 419,-99 9 am 9:9°940'10,09060! 56 











5:9179% 151989604'9,89413]10,3053915 5]! 59,7996 5/9,8899919190y06 10,09034]5 5! 
6:9579031,9:39 5949189437110; 105631541 69,79931.9,389.1919,90492,10,04008| 54! 
7'9+79047|9»89 584.9,8946 3)10,1053715 31! 719179990|9.88973!9.91018'10,08982! 53) 
81917906 3/98957419.89489}10,10511)52]] 8\g,80012)9. 884 6819,9 104 3)10,089 57] 52 
919979279, 9289 564:9,89 515/10; 1043 5]51H1_9/9,80027]9,589 5819.9 1069,10,089 3 1 51 
101917909 5/9989 < $4(918954.1}10, 104.50 50] ' 19, 8.004319 889481959 10g 5410,08y0 5] 5c 
HEII9V7Q 191 9,3 5 54419,89 567/19,1043 3149] ! 119, 80058198893 719,91 12.1|10,03874149 
1321979 12819, 89 5 3419.89 597|10, 104071431! 219, 8007419,5842 7/9591 14.7110,088 5 3|53: 
113 9:79 (44191895 2419-89619]10, 1038 1147]]1 319, 8008919588 .1719,91172110,08823 47\ 
} 1419979 16019, 895 1419,8964 511.0, 103 5 514.5])1-H9,8010519,8890619,91 198]! 0,08802 46} 
yt $19979176 918950419, 8967 1110,1032914.5]|! 519,801 2019, 3889619,9 1224 10,08776145 
£6'9,7919219,8949 519.8959 7}10, 103031441! 1619, 801 36/9,88886)9,912 50110,087 50 44 
1719s79208/9,8943 519,8972 3/10. 1027714 11|1719,8015 19,8887 519,912.76 10,08724143 
1.19:792241938947 51989749]! 0, 102 5114211 819, 8016619,8836 519,91 301|10,086909]/42 
1919279240) 918946 519)3977 5/10) 1022 514111! 919,80182!9,888 5 519,91 327/10,0867 314: 
20/99792 §619,8945 519,39801110, 101 99|40]'20 9,8019719,3884419 91353110,08647140 
2119,79272/9,8944 519,89829(10,10173139||21 9,802.1 319,888 3419,91 379]10,0862 1/30 
2219179288/9,8943 519, 9935 3{10, 10147|32||229, 80228'9,8882419,91404 10,08 596] 38 
23199793049, 8942 5/9,39879]10,1012 1137112 3/9, 80244198881 319,91430]10,08570} 37 
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TREATISE 


OF 


MARINE ForTIFICATION. 


3. Y Marine FortificaTicn is meant the art of raifing works 
for the defence of a harbour again{t the attacks of any kind of 


fhippings 
As the works proper for this purpofe depend in a great meafure on the 
principles employed in the fortification of towns, it will be neceflary to 


give fome general notions of the ufual methods of fortifying, previous to 
the meafures that feem moft effectual to the fecuring of harbours. 


It is not intended in this tra‘t to give a complete fyftem of fortificas 
tion; and confequently the reader will not be perplexed with the diffe- 
rent 5 ool as they are called, of this and that Eagineer’ many of 
them being the productions of dabblers in the art, who, having dj- 
verted themfelves with whimfical fcratchings on paper, publified their 
conceits for a like amufement to others; and gravely compared their 
pretty drawings with the approved werks of experienced Engineers. It 
is high time that moft of their names and notions were forgot, and that 
thofe who hereafter may write on this fubject, fhould confine themfelves 
to the defcription of fuch works only as are moft in ufe, and which by 
experience have been found to be moft conducive to the defence of the 
place, and the retardation of the approaches of the enemy. And this is 
what is briefly attempted in the following pages. 
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2 MARINE FORTIFICATION. 


PART I. 
Of Land Fortifications. 


2. FORTIFICATION is the art of making certain works about a place, 
by which the perfons within may be able to defend themfelves againft the 
attacks of a much greater number from without, more effectually and 
longer than if the place were not furnifhed with fuch works. 


3. Defenfive works ufually confift of mouats and banks, covering the 
piace which they defend. 


4. A place is faid to be covered, either when the enemy ts prevented 
from coming to that place by a -body of troops or other hindrance; or, 
when a fufficiently ftrong bank, raifed before that place, prevents thofe 
without from feeing them within. 


5- Defenfive works are of various kinds; the moft fmple are ufually 
called lines. : 


SECTION I. 
Of Lines or Intrenchments. 


6. A Ling, or anINTRENCHMENT, confifts of a bank of earth, and a 
ditch, and itis of two forts. 

Firft, Such as the trenches carried on in a fiege, where the bank is 
between the ditch and the enemy or town; and here the earth is thrown 
up againft the town, becaufe the workmen are thereby better covered -in 


‘carrying on the works. 


Secondly, Such as ferve to inclofe a town or camp, fecure a pafs, cover 
the entrance into a country, or other place, &c.; in thefe the ditch 
is between the bank and the enemy. | 

The firft fort is ufually called trenches or approaches : and the fecond 


is generally called lines; which are the fort that will be here more parti- 
cularly treated on. 


7- Lines are generally made to fhut up an avenue or entrance to fome 
place; the fides of that entrance being covered by rivers, woods, moun- 
tains, morafles, or other obftructions not eafy to be paffed by an army; 
though there have been cafes where lines were conftru@ed in plain 
countries ; but then they were carried quite round the place they were to 
defend, as the lines furrounding a camp, called lines of circumvallation. 
Lines are likewife thrown up to ftop the progrefs of an army, as thofe 
made by Marfhal Villars and others. However, in what follows it will be 
fuppofed that the line is to cover a pals that can be attacked only in front. 


8. The making of lines greatly depends on the nature of the place, and 
the time that can be taken to con{truct them 3 thofe made at leifure being 
very diffcrent from thofe made in hatte, 


The 
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The works, ufually.thrown up in hafte are called temporaryy ferving 
chiefly ona prefent emergency: thofe made at leifure are generally in- 
tended to laft many years, and are kept in repair, under a probability of 
their being frequently attacked. But whether the work be temporary or 
lafting, it is neceflary that it be adapted to the materials at hand, or that 
can be procured with the leaft expence and trouble. 


A road or pafs may be advantageoufly held by few men againft a much 
greater number, many ways; as by turning a water-courfe, planting 
ftakes, felling trees, digging ditches, making a fence of ftones, éc. But 
the way now moft ufually practifed is to make a le aftér the method 
contained in the following precepts. 


ye To throw up a line acrofs a paft. 


_aft.. Having chofen the place moft convenient for the line, let a ropés 
‘or haybands, ‘or twifted ftraw’or grafs, be run quite acrofs the way along 
the intended place of the line, pegged to the ground at every 4 or 5 yards 5 
and at the diftance of about 10 or r2 feet before the line, toward the 
enemy, Ict fach another line, or a row of ftakes, be carried in a pofition 
parallel to the firft rope. 
a: 2d. Range the labourers or tro~ps within thofe limits, cither fingle, in 
pairs, or treble, &c. according to their number, or the time in which the 
work is to be done, each being furnifhed with proper digging tools. 


_ 3d. Let the darth, as they dig it up in this breadth, be thrown on 
the other fide of the firft rope, until a bank of about § or 6 feet thick 

~ and 6 or 7 fect high be raifed; obferving that the fides of the ditch be 
floped in the fame manner that. the earth naturally rolls down the bank ; 
and continue the digging till the ditch is about 5 or 6 feet deep, the . 
breadth of the bottom being about ¥ of the breadth ftaked out at top. 
And while the ditch is digging, if the earth as it is thrown up be trodden 
down, the bank will be more ‘compact; or a few hand-rammers (fuch 
as the paviours ufe) kept conflantly going, will render the work more 
firm and durable. 7 


4th. Let the inner fide of the bank be pared with the fpx:!e into fuch a 
Hlope, as a man ftanding upright may eafily touch, with his arm extended 
Mtraight before him; and at the foot of this bank, let a fost-bank or ftep 
be raifed, of fuch a heizht, that a man ftanding on it may ealily fire his 
mufket over the bank; that is, let the top of the foot-ba:.k be about fout 
feet and half lower than the top of the bank or breaft-wo:k, 


sth. If there is time,and opportunity, let the workmen throw up the 
loefe end {cattered earth, upon the bank, on both fides, and flap: or beat 
it with the flats of their fhovels to make it the more neat and compact. 
‘Allo make a gentle flope to the top of the feot-bank, that the troops may 
afceid it more cally; and leg the crown or top of the brea/t-wark be 
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floped fo that a mutket iaid flat on it may ftrike the grdund with its thot 
about 5 or 6 feet beyond the ditch. 3 a 


When the foillis clay, fand, turf, or mould, the: workmen will need 
only {pades and fhovels ; when gravelly or ftony, one man fhould break 
the gtound with a pick-axe or mattock, while another throws it upon the 
bank, where a third fhould fpread it level and tread it down. 


so. A work of this kind being completed, the troops behind the /ixe 
may wait the coming of an enemy with lefs concern: For 1it, the bank 
or breaft-work fecures them from the enemy’s fire. 2d. And when they 
ftand on the foot-bank, they are more than } covered, while the enemy 
are wholly expofed; and confequently the troops within may make three 
of their fhots tell for one of the enemy’s. 3d. They can, by going off 
the foot-bank, be quite covered while they load again. And on the whole, 
they are in no great danger of being farced from the lines while they 
have courage enough to keep poffeffion of them, except the enemy are 
greatly fuperior in numbers and cannon. 


The magnitude of lines are generally proportioned to the little time 
that can be fpared to throw them up, and to the ftrength of the enemy 
who are to attack them. The following forts are what have been prac- 
tifed on feveral emergencies, and the rate at which men ordinarily work 
on fuch occafions. 







































11. A Tare of the dimenfions of Lines. 
Breaft-work Expence. 
Thicknefs | Height |Height!! Upper | Lower Solid | Days 
at top | within |without|breadthibreadth content! works. 
4 feet 72 feet| 6 fect || 8feet 5 § feet! 43ft.] 1 
5 74 6 + 6; | 1 
6 74 6 | 2 
ri 74 6 190 2} 
8 74 6 12 3 
9 72 6 a5. 3 


‘The days work here is one yard in length. 

In the firft, 100 men will complete 100 yards in length of this kind of 
lines in one day ; 200 men in half'aday ; 400 men in a quarter of aday, 
and fo on. | 


12. When lines are thrown up at leifure, then thé ditch is ufually 18 
feet broad at top, 7 or 8 feet deep, and the fides of the ditch are fo floped, 
as to leave only 6 feet breadth at bottom; the breaft-werk, or parapet, 
is about 7 feet thick on the top or crown, and 7 or 8 feet high. 

In Plate XV. fig. 1. fhews the heights, depths, and breadths -of the 
feveral parts of a line, well defigned and finifhed. ; Wik 
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- Where 11 reprefents the ground line, or furface of the place. 
. AB, the breadth of the ditch at the top. 
cp, the breadth of the ditch at bottom. 
, |. FAG, is the flope or {carp of the parapet and ditch, » 

DBK, is the counterfcarp. | : 

EF, the top or crown of the parapet or breaft-work. 
EG, fhe inner flope of the parapet. 

HG, the top of the foot-bank. 

‘HI, the flope of the foot-bank. 

BKL, a {mall floping bank called the glacis. 


13. This figure is called a fection or profile, and may be thus drawn. 
ft. In the ground-line, lay off, from any fcale of equal parts, the difs 
tances 1 a6 feet, ab=4 ft. bck ft. cd=7 ft. da=a4i ft. 
Af=6 feet, fg—6 ft. ga=6 ft. BL=S§ ft. 

ad. Through a, 4, 2, d, ¢, f, g) By draw lines perpendicular to 11. 

3d. Make anh==2! ft. =bo0, ce=7 ft. dr=6 ft. fox ft. =gp. 

4th. Draw 1A, HG, GE, EF, FAC, CD, DB, which continue till it 
, meets the line FL, ‘and the profile is conftructed. 


14. When lines are made te cover a camp, or a large tract of land 
where a confiderable body of troops are pofted, the work ts not made. in 
one ‘ftraight, or uniformly bending line; but at certain diftances, the 
lines projecting in faliant angles toward the enemy. ‘YVhefe projections, 
faliant angles, are called RepENTs, or FLANKERS; becaufe the fire 
sea them takes the enemy in flank or fideways as they march to attack 
the lines. . 

The diftance between the faliant angles of the fanters is ufually be- 
tween the limits of 2co and 260 yards; the. ordinary flight of a mufket- 
ball, poin€ blank, being generally within thofe limits; aithough mufkets 
a very little elevated, will do effectual fervice at the diftance of 360 yards, 


1s. A flanker confifts of two lines, called taces, meeting ina point, 
and forming an angle called the falant angie, or ee angle. 
’ The part of the line between two adjacent flankers is called the cure 
tin. - 
The gorge of a flanker is the diftance between its faces takcn at their 
interfection with the curtins. | 


16. In Plate XV. fig. 2. fhews the forms of the ufual lines; where 
the figures, c a 8, ca 4, are redents or flankers. . 
AC, AB, at, ab, the faces. 
cB, cb, the gorges. | 
AD, @d, the capitals. 
7 Bd, the curtin. 
- : The angle cas,cab, the faliant, or flanked, angle. 
The diftance of the faliant angles is about 240 yards ou . 1 ean, 
The length of the capital is ufually between 40 and 50 yards. 
The length of the gorges is alfo about 60 or 70 yards, 
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17. To make a Plan of lines with redents. Plate XV. Fig. 3. 


ft. Let the line EEEE, &c. be fo drawn, if poffible, that wherever 
there is a bend or angle, it may either be at once, or twice, or thrice, 
éc, the length of about 240 yards from one another, whereby a redent 
will always be where there is an angle. sd 


2d. In this line lay off diftances of 240 yards each, as from Eto zy 
E to E, €%c. reckoning from the bends toward each end, whether it hap- 
pens that the line will, or will not be exactly meafured by a repetition of 
the 240 yards. ‘ 


3d. Ateach point £ draw the capital EF in a perpendicular pofition to, 
the direction of the line in that point, and make the capitals about 40 
or 59 yaids long. 


4th. On each fide of & take the half gorge, EG, EG, each of about 30 
or 35 yards, and draw the faces FG, FG; and the out-line, or ma/fter-line 
of the curtins and redents are*formed. 

sth. Parallel to each curtin and face draw lines, within, at the diftanees 
from the ma/ler-line, of 7 feet, 8 teet, 12 feet, amd 18 feet. 

Then the breadch of 7 feet reprefents the’ plan of the parapet. 


of 1 foot _, its inner flope. 
of 4 feet the top of the foot-bank. 
of 6 feet ~ the foot-bank flope. 


6th, On the outfide of the ma/ffer-line, draw lines at the diftances of 
yoi, 162, and 222 feet, parallel to each curtin and face; and thefe will 
reprefent the plans of the fcarp, ditch, and counterfcarp; obferving that 
the faliant angles of the counterfcarp are roundcd before the angles of the 
redents. : 

~ When the plans are drawn from a large fcale, all the lines before men- 
tioned are drawn; but when the plan is drawn from a fmall fcale, as of 
20 yards of move to an inch, then the plan is ufually reprefented by four 
parallel lines; one without the mafter-line, reprefenting the counter- 
fcarp or out-line of the ditch; and two within, reprefenting the breadths 
of the parapet and foot-bunk. 

Sometimes a fhart line is haftily formed by a CHEVWAUX DE FRISE;' 
which is a beam of 6 or 8 inches fquare, and 10 or 12 feet long > the 
fides being bored through with holes about an inch and half diameter, 
and 6 inches diftant from one another ; through each hole gues a ftaff ot 
about 5 or 6 feet long, armed at both ends with an iron {pike, fo that 
which way focver it is laid along, one row of pikes is prefented againft 
the enemy. A line is formed of thefe pieces by chaining together a fuf- 
ficient number of them end to end. 

In countries where there is plenty of wood, a line may be formed by 
Jaying, in a pofition pointing to the enemy, the {tems of trees and their 
Jarger branches, piled one on another to a fufficient height, and the in- 
terftices filled with earth. Such a work, called an ABBATIS, affords an 
excellent defence ; as'was experienced at Ticonderoga. 
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SECTION Ii. 


18. | Of Batteries. 


“When lines are to be vigoroufly defended againft a potent enemy, it is 
proper to raife batteries; that is, works from which cannon may play on 
the troops as they advance to the attack: thefe batteries are either open 
Or covered. 

19. An OPEN BATTERY is only a number of cannon, generally field~ 
pteces (that is, fuch «s carry a ball not exceeding g pounds weight) ranged 
in a line or row abreaft of one another, on fome natural fmall elevation 
of the ground ; or an artificial bank of about a yard or two high. Thefe 
cannon are ranged at about 15 or 16 feet diffant from one another, hav- 
ing their fhot and Joading utenfils lying by their fide; and the powder 
lodged in a hole at fome diftance behind the battery. A lefs diftance 
than about 15 feet from gun to gun might occafion danger, confidering 
the hot fervice for which fuch batteries are erected. | 

20. A COVERED BATTERY is when the cannon and gunners are co- 
vered by a bank made of brufhwood, faggots, and earth; of about 18 or 
20 feet thick, and 7 or 8 feet high. ‘Ihe cannon ufed in fuch batteries 
are generally from g to 18 pounders; and fometimes 24 pounders are 
ufed in them. 

21. The faggots, or, as they are moft ufually called, the Fascines, 
are made of the midd!ing-fized loppings of trees, under an inch diame- 
ter, and are of three different lengths, 6, 9, and 12 feet, according to the 
work they are intended for: they are ufually bound or tied round with 
wyths; the fhorteit in two places, the next in three, and the longeft have 
‘four bands. ‘Thefe fafcines are commonly 8 or g inches thick throughe 
out, the ends being cut fo as not to be tapering, | 

The fafcines are fixed to the ground, and to one another, by ftakes 
called PrckeTs, like birch broom-fticks, but ftronger; they are about an 
inch, or inch and half thick, and from 3 to 6 feet long; the 6 feet ones 
are in number about 2 of the 3 fect pickets, but much ftronger. 

All field battertes confift of tour chief parts, namely, the ditch, the pae 
rapet, the platfcrm, and the magazine. 


22. | , Of the Ditch, 


The ditch is ufually dug-in the front and fides, and fometimes quite 
round; and ferves not only to furnifh the earth neceffary for the parapet, 
but it alfo prevents the enemy from entering the battery fo readily as he 
might otherwife do. “The ditch in front is commonly 18 or 20 feet 
broad, and the depth about 7 or 8 feet; the fides floping toward the 
bottom, which is about 6 feet wide; but tha ditches on the fides are about 
10 feet wide, and 6 feet deep. Thefe are the dimenfions ufually given ; 
but the generai practice feems to be, only to get carth fufficient for the 
work, and not mind the regularity of the ditch: for as thefe works in 
attacks are ufually done by night, the keeping ftriétly to the affigned di- 
- menfions is hardly pra¢ticable, 
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$8 MARINE FORTIFICATION. 
23. 22 Of the Parapet. 


The parapet is generally raifed about 3 or 4 feet diftant from the brink 
of the ditch, the fpace left- between, called the Berm or FoRELAND, 
ferving to lodge the rubbifh beat down by the enemy’s fhot, that it may 
not fall into the ditch.: 434 

The thicknefs of the parapet fhould be about 18 or 20 feet, in order to 
be cannon proof, and about 7 or 8 feet high, when. the enemy has no 
command above the battery. But if they have a command over this 
height, the parapet fhould be raifed high enough to cover the men while 
they load the guns. 

T he length of the parapet depends on the number of guns to be em- 
ployed in the battery. 

24. [hus for one gun, allow 8 yards in length. 

And,6 yards more for every other gun. 

So 2 guns has 14 yards; 3 guns 20 yards; 4 guns 26 yards, &c. 

25. There fhould be great care taken that the battery be not enfiladed . 
or raked by the enemy’s cannon: negledts of this kind are often fatal to 
the officers and gunners, as was well known at the fiege of Carthagena, 
anno 1741. But this is eafily prevented by raifing at one, or both ends 
of the parapet, a bank acrofs the battery called an epaulement, of the 
fame thicknefs and height with the parapet, and about 15 or 18 feet 
long. | ; 
26. The parapet confilts of two parts, namely, the wall and the mer- 


dons. 


The Watt is that part of the parapet which-is contained in one piece 


from end to end, and is about 2 cr three feet high. 


- The Mertons are detached pieces of the parapet, leaving openings 
called Emsrasures, through which the cannon deliver their fhot. 

The embrafures fhould be cut as much as is pofible perpendicular to 
the parapet,;. therefore the battery fhiuld be parallel, or nearly fo, to the 
object to be battered: for the direct fhots have moft force; and cblique 
embrafures weaken the merlons, or parts of the parapet ftanding between 
the embra(ures. 

27. The embrafures are ufually about 2 or 2} feet wide on the infide, 
and about g or 10 feet on the outfide ;-fo that the cannon may be trdverfed 


_ from ‘the right to the Jeft, and command a pretty large extent in front. 


The diftance from the middle of one embrafure to the middle of the next 
fhould be about 18 feet, in order to leave fufficient room tor the working 
of the guns, and the ftowage of the fhot and other neceffaries. 


28, . Of the Platform. 


The PLratForo is a floor made ta faciliate the rolling of the carriage 
wheels, and to prevent them from finking into the ground by the weight 
of the cannon, efpecially in wet weather. 

Platforms are generally laid floping toward the parapet g or ro inches ; 
this carries off the rain, prevents the gun from recoiling fo much when 
fired as it would do if laid level; and when loaded, it is more eafily 
brought to the embsafure. | 
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29. In temporary batteries the platforms are made of planks laid 
acrofs fome ground timbers or fleepers; there is ufually a platcorm made 
to each gun; it is. about 18 feet long, 8 feet broad next the parapet, 
and about 14 feet broad at the tail, the intermediate {paces between the 
platforms ferving for the fhot and other neceflaries. 

30. When a platform is to be Jaid op marfhy ground ; firft lay a floor 
or two of fafcines; cover thefe with hurdles of 12 or 15 feet long and 
6 or 7 broad; on thefe lay a floor of 3 or 4 inches of earth, in which the 
fleepers are to be laid, and over them the planks. 

31.. When a battery is built of ftone or brick, the platform is gene~ 
rally a flat-{tone pavement ranging the whole length of the battery. ‘This, 
on account of its refifting the injuries of the weather for a long time, is 
to be preferred to planks; but in cafe of a bombardment fuch a plat. 
form is to be avoided, becaufe the fhells will not only break the pavement, 
but alfo, by driving about the broken ftones, do the treops much mifchief. 


32.6 | Of the Magazine. 


The magazine to a field battery is ufually made about 50 or 60 yards 
behind the platform. It is a cavity dug in the groufid about q feet deep, 
and the earth thrown between the pit and the platform; the fides of the 
pit are fometimes planked round to keep it dry, and prevent the earth 
from crumbling in; and the powder ‘barrels placed there, are covered 
ee and earth, or tanned hides, to preferve the powder from wet 
and fire. | 

The communication to the magazine is by a floping trench beginning 
to defcend about § or 6 yards behind the platform; and the earth thrown 
on that fide, where it will moft conveniently cover the perfons, who ree 
move the barrels of powder from the great magazine to the battery, or 
{mall mzgazine. | 

33. When there are many cannon in battery, and the fervice is quick, 
it is cuftomary to have to every two pieces a fmall magazine to hold 20 
or 30 barrels of powder. ‘This is placed about 15 or 20 yards behind the 
platform, and againft the merlon between the cannon; and as thefe bar- 
rels are ufed, they are replaced by others from the great magazine. 

_ At each magazine a centinel is placed to prevent accidents. 

And to prevent perfons coming into the battery and magazines who. 
have no bufinefs there, a trench is fometimes dug behind the magazine, 
and carried into the trenches which con:municate between the magazine 
and battery. 


34 ' To confiruc? a Fafcine battery. 


For one gun provide 600 fafcines of 9 ft. 100 of 6 ft. 120 of 3 ft. And, 
for every other piece 400 100; 100; 


each fafcine being about g inches thick; and let there be three or four 

pickets forsevery fafcine, for many will break in driving. a, 

' Trace the limits of the parapet in two parallel lines about 18 feet dif- 

tant, allowing 8 yards in length for one gun, and 6 yards for every other 

gun; and along thefe lines cut a trench about half {pade deep. , 
, Lay 
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Lay a row of g feet fafcines along one trench, obferving that their ends 
be well jammed one into the other, and let each be pegged down with two 
pickets, driven into the ground till the head is funk into the fafcine. 

Clofe to this row lay another, the two end ones being of 6 feet, and 


‘the reft g feet, which will prevent the jdinings in this row from falling 


againft the joinings in the firft row: let thefe alfo be ftaked down as be- 
fore. Clofe to the fecond row lay a third, all of g feet. Clofe to the 
third lay a fourth, the two end ones being 6 feet, and the reft g feet. 
In this manner Jay the rows of fafcines within the limits ftaked out, 
which will be covered with 24 rows; then over this floor of fafcines 
throw earth to fill up the hollows, and let the whole be trod or rammed - 
down. : 

On the firft floor lay a fecond, obferving, that as in the firft floor every 
fecond row ended with 6 feet fafcines, fo in the fecond floor every odd 
row fhould: end with 6 feet ones, and the joinings of no two fafcines in 
this floor will fall over the joining of the tafcines below them. Let the 
outfide rows in the fecond fluor be fo placed over thofe in the lower, that 
there be a Jittle floping preferved, the work narrowinz upward. The 
pickets which ftake down this floor are to be driven up to the head, and 
the channcls or hollows in the Algor are to be filled up with earth. In this 
manner lay four floors, which will raife the work to about 23 or 3 feet, 
and that part of the breaft-work called the wall will be completed. 


35. . - Lo flake out the Merlons. . 


Meafure from each end of the wall 12 feet, there place a ftake ; and 
plant other ftakes at every intermediate 18 feet; this being done on 
the infide of the wall, let other ftakes be planted on the outfide, either 
directly oppofite the former, or in the line toward the place where the 
gun is more particularly intended to deliver its fhot.. Plant other ftakes 
on the infide, one a foot diftant on each fide the former, and this will ~ 
leave {paces of two feet each for the inner opening of the embrafures : 
then on the outfide, plant other ftakes at 5 or 6 feet diftance from the 
former ones, one on each fide, and fpaces of 10 or 12 fect will be marked 
out for the outfide openings of the embrafures, 

In the direction of the pickets, which limit the inner and outer open- 
ings of the embrafures, Iet fingle rows of fafcines be ftaked down acrofs 
the wall, and thefe will be the fides of the embrafures. Fill the interme- 
diate {paces or merlons with rows of fafcines laid lengthwife to the wall, 
and this will be the firft floor of the merlon, which is to be picketted 
down, and the hollows filled with earth as before direéted.. Let other 
floors be raifed in like manner, until the merlons are carried up about 5 or 
6 feet, or more if neceflary; and on the top of each let a bed or floor of 
earth be laid about 8 or 12 inches thick. ~ 

Acrofs the top of the inner opening of the embrafure, lay a bundle of 10 
or 12 fafcines bound together, or as many ftuft into a kind of kafket open 
at both ends, and the bundle well ftaked to the merlons. 

Provide a blind made of planks 3 ar 4 inches thick to fit the inner. 
opening of the embrafure, which is to be put up while the gunners are 
leading the piece, to preferve them from the fire of the mufketry. The 


- 
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- The checks or fides of the embrafures are to flope, fo as to have the. 
top wider than the bottom; which not only leaves a greater opening for 
the blait of ‘he gun, but thefe flopes, in works of this kind, give a greater 
degree of ftrength,to fupport themfelves againft the bearing of the upper 
parts. 


36. ' a, To confirud? the Platforms. 


Againft each embrafure lay on the ground five pieces of timber, called 
Neepers, about 18 feet long, and 6 or 8 inches fquare; let the ends next 
the embrafure be placed at fuch a diftance from one another, that the dif- 
tance from out to out be about 6 fret, the other ends {preading about 12 
or 14 feet from out to out; drive two ftakes about 3 inches fquare into 
the yround on both fides of cach end of every flceper, by which they will 
be kept (teady in their places, and let the carth be well rammed and beat 
up clofe to them: but obferve to let the tails of the fleepers be raifed about 
6 or 8 inches higher than the ends next the wall, to prevent the cannon 

‘froin recoiliny too much when fired, 

Cover tne fleepers with planks about two inches thick laid crofs-wife; 
that next the embrafures being about 8 feet long, the reft gradually in- 
creafing, fo that the plank at the tail be about 14 feet long; and let the 
planks be nailed to the flcepers. | 

On this floor fix a piece of timber about 6 or 8 inches fquare next 
the embrafure, to ferve as a fpur for the carriage wheels to knock againtt 
(which is therefore ufually called the Anockzr) when the gun is run up to 
the wall; obferving that the {pur be laid parallel to the objet to be bar- 
tered. 
~ ‘The whole platform fhould be of oak, if it can be had. 

37- If there is any danger.of the battery’s being raked by the enemy’s 
cannon, Ict an epaulement or freen be raifed at one or both ends of the 

arapet, joining to it, and conitructed by floors of fafcines, laid as before 
tewa: then all the ftraggling twigs of the fafcines being cut, off, the 
battery is conftrudcted. oe 

A battery thus made will do in cafe of hafte, and where earth enough 
is not eafily had: but as it is fubject to be fired when the wood is dry, it is 
not fo much in ufe as another fort called a coffer battery ; efpecially where 
wood is fcarce and earth plenty. . | : 

A Correr Barrery is that, where the fides only of the wall and 
merlons are formed of fafcines, and all the cavities or included fpaces filled 
with earth, 


38. To make a Coffer battery. 


The place of the battery being determined, mark out with a line the 
Jimits of the parapet 18 or 20 feet thick ; and 3 or 4 feet before the pa- 
rapet mark out with Jines or ftakes the limits of the ditch, 10 or 12 feet 
broad, or more if earth is wanted ; allowing 8 yards in length for one 
gun, and 6 yards more for every other gun. | ; 

On the outlines of the parapet, cut a trench § or 6 inches wide and 
deep, and there lay a row of fafcines, the ends being jammed one into the 
othe: ; let thefe be ftaked down,’ Lay on them another row, fo that the 
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joinings of thefe be not direétly over the joinings of the lower one, and the 
knots of all the bands turned inwards; ftake thefé down; and on them 
Jay in like manner a third and fourth row, &c. until the height be about 
3 feet. The fame kind of wdrk being done at the ends, and for the 
epaulement if wanted, the coffer for the: wall will be made. 

Then let the men be difpofed along the place intended for the ditch, 
and withthe proper tools break the ground and throw it into the coffer ; 
where, as the earth is thrown in, another fet of men are to fpread it, and 
ftamp itdown with rammers; and this work is to be continued until the 
coffer is filled. 

39. When the wall is finifhed, let the embrafures be ftaked out as be-- 
fore (35), and a coffer formed id like manner for each merlon, which is 
alfo to be filed with earth and rammed down. 

The other articles in the preceding battery are to be followed in this, 
the only dificrence being in the making of the parapet. ' a 

When a proper place for a temporary battery is deftitute both of dry 
earth and wood, then materials mult be carried to the place; thefe ufually 
are zabions and earth-facks. | 

The EARTH-SACKS are only bags to carry earth in. 

A Gaston is a large bafket without a bottonr: they are of various 
fizes, as from 3 feet high and 2% or 3 feet diameter, to 6 or 8 feet high 
and 6 or 7 feet diameter. | a, | | 
40. To make a Gabion battery ~~ . 

Along the line marked out for the battery, let the gabions be planted in 
the places where the merlons are to be: the gabions ufed are of 5, 6, and 
7 feet diameter, and 8 feet high. Each merlon muft have 7; that is, 3 
within of fix feet diameter, next two of 7 feet diameter, and on the outfide 
two of § feet diameter; obferving to leave proper openings for the em- 


‘brafures, about 2 feet on the infide, and g or ro‘on the outfide. 


Or thus: Let the merlons be made of gabions § feet diameter; then 
put four within, three in the middle, and two on the outfide; this cone 
ftruction being rather ftronger than the former. 

The ends and epaulements are alfo formed by three rows of gabions. 

' The floors or bottoms of the embrafures are to be filled with gabions 
about three feet high, and of a proper diameter to fill up the fpaces be- 
tween the merlons. | 

The gabions being placed are to be filled with ‘earth brought from the 
neareft places in the earth-facks; or elfe they may be filled with dun 
mingled with fand; and in cafes of neceffity, they may be filled with large 
faggots, or billet wood, obferving that the voids between the gabions are 
filled alfo. | ‘ 

Batteries of this conftruction are ufually made on marfhy or rocky 

round, © : , 33 
: 41. The Sieur Remy, in his Memoirs. of Artillery, has given a table 
for the ready finding of all the requifites for the conftruction of temporary 
batteries, and for their daily fervice, the pieces being 24 pounders ; and 
although thefe batteries are calculated only for fieges, and are of the 
coffer-kind, yet from this table may be derived fuch notions, as will 
greatly help young artifts on other occafions. 

t 
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It is alfo proper to mention the number of fafcines and pickets, that is 
ufually expected every day from the labour of each man employed in* 
that fervice. 

Of fafcines 5 or 6 feet long, and 5 or 6 inches thick, bound with 
two wyth bands each, one man will make 16 or 18 in a day, with two 
pickets to each. 

Ot fafcines 8 or 9 feet long by 8 or g inches thick, and two pickets to 
each, one man ufually makes 10 or 12 in a day. 

Of fafcines 12 feet long by g inches thick, with three pickets to each, 
8 or 10 are ufually expected from the day’s work of one man. 

. The days here underftood are fuch in which the men may. work about 
12 hours. : 
In the following table c. ftands for hundred. 


4200 ++ A Tasve for confiruéting of Batteries. . * 





Ce 






ad 


fhovels, {pades, pickaxes, mattocks, 
[Fafcine-makers, each a bill and hatchet. 


cavalry. 


4 





Number of workmen to conftrué the. battery. 
Number of workmen’s tools nfed at the battery, vz. 
Fafcines of 8 or g feet by 8 or 9 inches. 

Pickets from 3 to’6 feet long, and about 17 inch thick. 
[Planks for the platforms, 2 or 2} inches thick. 
Powder for 100 rounds, at 121b. each per day. 

Shot of 24 pounds for 100 rounds, 


[Soldiers to aflift the gunners. 








»» [Number of 24 pounders in battery. 
> |Length of the parapet in yards. 
» (Gunners to ferve in the battery. 


5 |Mallets to drive the pickets. 
» |Handbills, 2 for each embrafure, befide {pare hatchets. 


Wi 
O 
bd 
° 
a 
2 
fe) 
o-& |Fafcines, of 12 feet by 8 or g inches. 
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us w |Fafcines of 5 or 6 teet by 5 or 6 inches, made by the 
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43. When batteries are erected at leifure, and aré wanted to ftand for 

" fome years, it is beft to make them of ftone or brick, or good Joanty 

earth, eons as the materials are neareft at hand, or can be moft eafily 
rocured. 

. When made of ftone, the thicknefs of the parapet is ufually about 
or 5 feet; but this thicknefs is varied, according to the quality of the 
one, or to the fize of the cannon that may be brought by an enemy to 

fire on it. : on 

Parapets of brick are of 5, 6, 8, or even 10 feet thickne!s, according 
to the goodnefs of the materials, or the fervice it is to endure; and the 
angles are generally of ftone. | 

A parapet made of good earth, and 18 or 20 feet thick, with the fur- 
face covered with green turf, will refift the injuries of the weather for fe« 
veral years, and ftand the fhock of an enemy’s cannon the beft of any. 

44. As thefe perpetual batteries are generally raifed fomewhat above 
the level of the adjacent Jand or water which they are to command ; fo it 
is ufual to make the floors of the embrafures floping, the drip being on 
the outfide, about a foot or foot and half below the fill of the inner opens 
ing, that the cannon may be pointe downward. 

AVhen the embra(ures are cut through an earthen parapet, they are 
commonly lined with brick; or at leaft the angles are made of mafonry, 
thefe parts being the moft fubject to be injured by the weather. 

The beft embrafures are thofe made with a neck, by which a part of the 
opening becomes more contracted, and confequently is better adapted to 
prelerve the gunners and cannon from the enemy's fhot, than when the 
cheeks of the embrafures are made ftraight, a 


45. Although the axis or middie line of an embrafure fhould, if poffible, 
he at right angles to the length of the parapet, yer it may fometimes be 
neccflury to have them obligue. When this happens, the infide of the 
parapet is notcned, or fu cut away, to ieave proper room for the front of 
the plattcorm, that the wheels ot the ca, riaze may be drawn up againt{t the 
inrer opening for the axis of the gui to lie in the axis of the embrafure ; 
but then the outfide of the parapet is to be ftrengthened, to compenfate 
for what is cut away within, - 


Tite foregoing particulars, relating to embrafures, will be fufticientlp 
ilufrated by the folowing precepts for their conitruction. 
ag 


46, To confiru& the Plans of embrajures. 
First. For the plain embrefure, Plate XV. F ig. de 


ift, Draw the axis AB perpendicular to the parapet. 
.2d. For the front opening, make AG=AD, each from 4 to § feet. 
3d. For the inner opening, make pr=<BE, each from £ to 1} feet, 
4th. Draw Fb, &e, for the cheeks of the embratuge required. 
{ 
| 
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47+ Seconpty. For the necked embrafures. Plate XV. Fig. 5. 


3 1ft. Having drawn the cheeks for a plain embrafure as before; from 
as _ 8, the middle of the inner opening, draw nc, Bp. 
2d. In the axis as, take Bc=24 or 3 feet; through G draw IH at 
right angles to BA, cutting BC, BD, in H, J, and join EH, FI. 
Then piF, CHE, are the angular checks, 1H being-the neck or nar- 
rowing of the embrafure. 
48. Trirpry. For an oblique embrafure. Plate XV. Fig. 6. 
ift, Draw the axis @ 6 in the direStion where the gun is to command, 
and through any convenient point J, taken in a 4, draw NN at right angles 
to ab, : 
ad. Make 1n==4 or § feet for the front opening, 1P=1 or 1} feet for 
the inner opening, and 19=4 feet for the front of the platform. 

_ _ 3d. Through w, p, Q, and parallel to a 4, draw Nc, ND, cutting the 
front of the parapet inc, D; and Pp, Qg, cutting the ipfide of the pa- 
rapet in 9, 9. . > 

4th. Through ¢ draw ¢r parallel to nw, cutting the former Jines in F, 
B, £, 73 join ED, Fc, and draw rs parallel to a line through 8 and c, 
Then the {pace g rs being cut away, the wheels of the Carriage can 
knock againft the line ¢ r, and the axis of the gun will lie in the line Be 
vy intended for the axis of the embrafure. 
a c  Icis evident that the parapet is confiderably weakened by the cuts for 
a oblique embrafures, and therefore fhould be ftrengthened on the 
outfide. 


49. When the embrafures are to be expreffed in the parapets of a plan draw 
from a fmall fcale, st is done hs Plate X v. F 2 g. rawn 


On the infide of the parapet Rs, lay off as many times 6 yards, in the 
points ¢, 2, ¢, &c. as the length of the parapet will-admit, unlefs you are 
reftrained by particular circumftances ; and from the points ¢, c, ¢, Fc, 
draw lines to tiie front of the parapet, dividing it jnto parts of 3 yards 
each ; then taking the parts oppofite to the points c for the fronts of the 
embrafures, the other parts will reprefent the fronts of the merlons, © — 

Shade all the merlons, leaving white angular fpaces to expre(s the em- 
brafures, and ftrengthen the inner line of the parapet and the front lines 


of the merlons, 


50. Of the profiles of batteries. PlateXV. F ig. 7. \ 
Let the ground line of the battery be as, Bp that of the parapet, the 

inner flope of which pu is formed by making p a=1} feet, and the per- 

pendicular a u#=6 or 7 feet; the crown of the parapet Hr is formed b 

making 41 a foot or two lower than-a 13; and the front of the battery 

1B is found by making 6 B=2 41, when of earth, or= 4 of 51 when of 

mafonry, Making nc=23 or 3 feet, gives c the fill of the embrafure 

the floor of which co is to dip a foot or two below the level linecr. 
The platform pe is 18 or 20 feet, the tail x riing about 6 inches 


above the level line az, the lower double line reprefonts the fleeper laid 
lengthwife, and the ‘upper double line fhaded with the lines acrofs, expres 
the ends of the planks laid on the fleepers. 

A gun on its carriage, with the wheels againft the knockcr at p, is 
annexed to the figure, to affift the learner’s apprehenfion. 
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SECTION Il. 
Of additional works. 


Sie. Of Ramps. 


When a battery is raifed above the level of the ground it is built on, 
there muft be made gentle flopes for the cannon to be drawn up and 
down, and alfo for the eafier communication of the troops pofted there; 
thefe flopes, to diftinguifh them from the flope ufually given to elevated 
works for their better fecurity of ftanding, are called Pe 

The bafe of the flopes commonly given to earth-banks for their fup- 
port, is on the infide about a foot bafe for a foot of height, and on the 
outfide is about 8 inches on a foot, or § of the height; that is, they rife 
12 inches, on 8 inches of bafe. But for the flopes of ramps, the rife is 
only about 2 inches on 12, or the length of the ramp’s bafe is fix times 
the height, and this is general, for the draught of carriages; but foot- 
ways need not be of fo gentle a flope, a rife of one foot in three may do 
well enough; or, inftead of ramps, ftairs may be, and commonly are, 
ufed for the paflage of the foot. 

The breadth of a carriage-ramp is ufually about g or ro feet, that 
breadth being fufficient- for the carriage and foot-way befide ; but thofe 


‘for foot-paflaze only yeed not be above 3 or 4 feet wide. Se 


Ramps may either rife on the fide of an elevated work, or againft a 
faliant angle of that work, or on each fide of an entering angle: their re- 
prefentations in plans may be expreffed as in the following conftructions. 


52. To confirucé? a Ramp on the fide of a bank. Plate XV. Fig. 9. 
Let xx, zz, be lines expreffing in a plan the flope of a bank equal to its 
height, which fuppofe to be 12 feet. | 


_ aft. Through a, the point where the ramp is to end, draw cp perpen+ 
dicular to xx, and make ac of about 10 feet. 
ad. In zz take Bp=q times aB, or 16 yards; through p draw az; 
and through c draw crF parallel to AE, cutting Xx in G, and zz in F. 

3d. Through F draw, at right angles to Gr, the line fx, cutting xx 
in f, and AE in E; join BE, and the lines Gr, EA, EB expre(s the ramp. 


It is fometimes proper to have ramps rife on either hand for the con- 
venience of carriages coming from the right or left; but they muft then 
be fo far afunder, that fhould a carriage be drawing up each at the fame 
time, the horfes of one may pafs clear of thofe of the other. 


To conftrutt a Ramp in a faliant angle of a bank, Plate XV. Fig. to. 


§3. First METHOD. ‘This is done in the fame manner as in the fide 
of a bank; obferving that the end a is taken 6 or 7 yards from the faliant 
angle, when a ramp is to be conftructed on both fides; otherwife the 
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g4. SECOND METHOD. Fig. 11. ft. From x draw a line xn, bi- 
. feng the faliant angle; make xn==6 times the height, or equal to 1a 
yards, and:on both fides draw a paratlel line QR at the diftance from xn 
of half the breadth of the way ; fuppofe at 9 feet diftance from XN. 

ad. Bifecét the angle xqr with the line qy, cutting the line zz in ¥ ; 
join yr, and the plan is formed. a: . # | 


55. Tuirp METHOD. Fig. 12. From x the faliant angle, with a 
radius of ‘6 times the height, fuppofe of 12 yards, defcribe the arc In 5 
and with 5 times the height; or ten yards, defcribe the arc KK, cutting 
ZI in o, and draw op parallel to KL. - 

Make xm==2 or 3 yards; and draw the curved lines mo, mp, which 
in plans are: beft done by hand; or elf draw right lines from M ta 05. 
and from m:to P, and the plan of the ramp is made. | - 


560. “Of Barbette 


__ It often happens, that by raifing the floor of part of a battery the guns 
placed on it have an advantageous Command over fome part of the neigh- 
bourhood ; and when the guns thus raifed fire over the crown of the pa- 
- Fapet without any embrafures, it is called an Open BATTERY, or Battery . 
en barbe, or plainly a BARBET. or oe 

TEhefe barbets may be made either in a curtin, or at the faliant angle of 
a flanker; They fhould always be 2} or three.feet lower than the crown 
of the parapet, and about 8 or g yards broad at the top, .with a_proper 
'. flope to the bafe, of a Jength {uitable to the number of guns to be moynted 
- on them, allowing about 5 or 6 yards for each, and have a preper ramp 
- at-each end to afcend them by. - - cs we 


57- To give a farther illuftration of this article, here is added an exe _ 
planation of the plan, and of the profile through the Jine bc. Plate XV. 
r Figs-13» 14s 15. so ee ; oe 
t Eqkv.x be a common bank of a line, the parapet of which is RSTV; 
ahe inner flope xs being. about 6-or 7 feet higher than Qr : then the bank 
mnoR, raifed fo high that the cannon can fire over the crown of the pae 
rapet sT, is the darbet, the height of which ap is about 3 or 4 feet. 
On the top of the barbet.a platform is raifed as in other batteries. 
‘Let the fig. 14, 15, reprefent part of the plan of a line, and one of its 
flankers or of a battery conftructed in fuch a form; where-aa@ is the 
. .Jength of the barbet or raifed battery, fuited to the number of guns to be ° 
. ufed, which are to be drawn up the ramps put at the ends; the breadths 
being about 8 or 9 feet, and the length a6 about 7 or 8 yards, 


8. OF Cavaliers. 


A cavalier is a battery raifed above the other works, and covered bya 


parapet with embrafures. 

’ — Cavahiers are of various fhapes, fuch as fquare (Plate XV.) fig. 17, or 

‘Sound, fig. 16, or like a horfe-fhoe, or 2 plane line; but when they are: 

' ¢onftruGted in Aankers, as is ufually the cafe, fig. 18, they are of alike — 
- Yoo. I. ng EB figure 
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figure to that flanker; leaving a fpace of about 8 or: 10 yards or more, 


- between the parapet of the flanker and the autline-of the cavalier. 


They fhould be faced with earth, or plank of brick, but, not with 
ftone; becaufe the fplinters knocked off by the enemy’s cannon would 
greatly annoy the troops, that may .be pofted in the line below the 
cavalier. a 

Any other particulars will be fufficiently known fromthe figures ; ob- 
ferving, in the plans, to reprefent their outfide limits by a double line, to 
exprefs the floping of the earth, and to put a ramp in the gorge. 


59 .. Of Traverfes. . . 


A traverfe is a bank of earth thrown perpendicularly acrofs a line, or 
other work, to prevent-the enemy’s cannon. from taking that line. 

Thefe traverfes may be from 12 to 18 feet thick, in order to be can- 
non proof, and their height about 6 or 7 feet; or more, if the line is ex- 
pofed to any eminence from which the enemy has a command. 

And to preferve a communication a paflage of about 5 or 6 feet wide 
mutt be left at one end of the traverfe. 


60. The different ways of conftructing thefe works are readily feen by 
the figures in Plate XV. fig. 19, 20, 21,22. 6. 2 7 

Thus at A, fig. 19, it is formed by two equal fhort banks, the ends of 
which jut one beyond the other about 3 or 4 feet, leaving a paflage of 
about 6 feet. 

At B, c, and fig. 20, 21, the end_of the traverfe juts about 2 or 3 feet 
into the parapet, befide the paffage. But as'this greatly weakens the pa- 
rapet, it is to be practifed only in fuch places where there is.fufficient 
thicknefs left; where nothing can be fpared from the parapet, the traverfe 
may be made as at £ and F, fig. 22. 

If any part of a work, thus fhut in by one or more traverfes, is sat 


to be defended by the mufketry, then it is proper to add to the traverfe 


one or more foot-banks within the defence, for the troops to mount on, 
when they want to fire over the traverfe, leaving the upper foot-bank 4§ 


~ feet below the crown of the traverfe. 


_ at the diftamce of every four or five yards, 


6x. | Of Palifades..- i 


-Palifades are ftraight wooden ftakes about gor 10 feet long and about 
the thicknefs of a middle-fized leg, but of a triangular or rectangular 
fhape, according as they are of cleft quartering, or fawed ftuff; and have 
one of their ends pointed. Their ufe is to form'a line before thofe 
places, that are moft likely to be taken by furprize.. , 

The beft are thofe made of oak, but where this is wanted, or on emer- 
gent occafions, the beft are thofe which can moft conveniently be pto-= 
cured. 

In planting palifades it is ufual to fink about three feet of them into the 
ee the thick end downwards, and the pointed end upwards, and to 
et them about four inches from one another; the whole is braced toge- 
ther by pieces nailed acrofs them near the tops, and fecured by thick pofts 


‘Palifades 


a? 
r 
\v 


# 


f 


MARINE FORTIFICATION. 19 


Palifades are found to be a very good defence againft an enemy not 
greatly fuperior, and deftitute of cannon; for the defendants may freely 
ufe their {mal] arms at the time they are half covered by the palifades ; 
whereas the affailants being quite expofed, attack with the difadvantage 
of at leaft two to one. 


62. | i Of Barriers. 


A barrier is a kind of fence or gate ferving to fhut up the roads or 
paffages in works of ay kind, to prevent their being carried by furprize ; 
they are-of various kinds ; as 
_ ift. A ftrong chain drawn acrofs the paflage, at about 3% or 4 feet 
above thé ground, and faftened at each end to an upright poft. 

2d. A beam laid horizontally acrofs two upright ;.ofts. 

3d. A Bar-GATE hanging by hinges to an upright poft. 

4th. A CHEVAUX DE FRISR, which is an hopizontal beam ufually 
‘cut with 6 fides, each of which is armed with iron fpikes fet within five 
or fix inches one of the other. This beam is fupported at each end by 
‘an upright poft. 7 7 

th. A Turnstixe, which confifts of two or three pieces of timber 
framed crofswife, making four or fix rays like the fpokes of a wheel; this 
frame is put on a poft in the middle of a paflage to turn horizontally, fe 
that two of its rays always. ftretch acrofs the paflaze, and prevent more 
than one perfon at a time from paffing the fame way. - 2 
- 6th. A Herreison, which is a chevaux de frife, turning horizontally 
on a poft in the middle of a paflage like a turnftile. 
27th. Krinxers are ftrong doors or gates made like palifades, and are 
hung and faflened as other gates are. 


63. Of Redoubts. | 


A Regnovsr is ufually a temporary work thrown up to ftrengthen the 
lines which that up, or fecure a pals They are ufually figures of three, 
four, five, or fix fides, encompaifed with a itch and a bank of earth. 

The bank encompaffing fuch works generally canfift of two parts, 
called rampart and parapet. 


164. The RAMPART js a large bank furrounding a work or place, of a 
height (ufficient to cover the habitable parts of the houfes (if any) from 
a direét fire of the enemy ; or to raife the defendants fo, as to command 
the neighbourhood ; and of a thicknefs fufficient to refift the efforts of an 


enemy’s cannon for fome time. 


~ 


65. The Parapet, or breaft-work, is a bank raifed on the rampart 
clofe to its outer edge, to cover and defend the troops pofted behind ic, 


On the rampart. | 
66. On thofe fides of the work likely to be attacked, the parapet is cut 


into embrafures and merlons, of the fame fize and fhape as has been 


fhewn at arts. 6. 
" 35> 4%. *Ba | Againtt 
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Againft every merlon a foot-bank is raifed on the infide for the mufketry 
to ftand on, when they are to fire over the crown of the parapet. — 

To every embrafure a platform is to be fitted, either of planks, as 
fhewn in art. 36, or of ftonc, as defcribed ini art. 43. = 

When thefe redoubts are intended to defend lines or intrenchments, 
their faces or fronts fhould be fo placed, that the fhot difcharged from 
them may fly ag to the front of thofe Jines ; for hereby the enemy 
may be fo galled in flank, as to find it neceflary to attack the redoubts, 
aad fo either weaken his attack on the Jines, or caufe him to lofe time. 
But when redoubts are built more particularly to defend the fpot on 
which they ftand, their faces muft front the ae from which they may 
be battered, and alfo command the ways by which they may be aps 
proached. o . | - 


67. The inner fides of fquare redoubts are'ufually between the limits 
of 52 yards and 32 yards; ‘and when they are to be defended by mufketry, 
the number of men neceffary to the defence may be thus determined. 


Ruiz. Half the fide fquared gives the number of troops. ° 


"Exam. Ina fquare redoubt, one fide of which within is 24 yards, re- 
quired the number of troops neceffary for its defence: ' . 
Half of 24 is 12: then the fquare of 12 is 144 for the number of men. 


Awnp, Twice the fquare root of a given number of men fhews the 
Jength in yards of the fide of a fquare redoubt proper to contain them. 


Thus tocontain reo men, the fquare root of which number is 10, the 


fide of the fquare redoubt mutt be 20 yards. - 


68. Zo confirut? a fguare redoubt. Plate XV. Fig. 23. 


rft, Mark out a Square, the fide of which is adapted to the number of 
troops allotted for the defence; as AB for the infide of the rampart. 
‘ad. About this fquare, at the diftance of 10 or 12 feet, defcribe another 
fquare, the fide of which cp is the inner boundary of the parapet. 
‘3d. Make a parapet about g or 10 feet thick, the outline of which is 
the line EF ; leave a berm about 3 or 4 feet broad, the fide of which is 


GH, and dig a ditch about 16 feet wide, and about 6 or 7-feet deep, which 


let be rounded before the angles of the redoubt. 

4th. Make the rampart from 4 feet to g or 10 feet high, according to 
circumftances ; fet the parapet be 6 or 7 feet higher, and let the foot- 
bank be 43 feet lower than the crown of the parapet. 

sth. On the fide moft fecure from the enemy make a bridge acrofs the 
ditch, and a paflage through the rampart. The breadth of this way 
fhould be about 4 or § feet, if the defence is to be by mufketry only; but 
9g or 10 feet if cannon are to be ufed; and in either cafe the paflage is to 
be thut up by a ftrong gate. | 


But if the redoubt is to be defended by cannon, both the rampart and | 


parapet fhould be at leait 5 or 6 feet thicker. 
; 69. As 
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69. As it is cuftomary for troops to prefent their breafts to the para- 
pet, and then-fire direct before them, there will be a very confiderable 
{pace before each angle of the work, that will be in a great meafure with- 
out any defence. To remedy this defect in thefe works, it has been pro 
pofed to round the int:de of the angles of the parapet, and poft three 
or four men there to defend the angle; for more cannot well be applied. 
But this appearing alfo defective, Mr. Clairac has fhewn.an ingenious 
method to make the fire pretty nearly equal in all parts; which is done 
by cutting the infide of the parapet into notches, whofe two fides, of a’ 
yard each, are at right angles to one another, and make half right angles 
with the fides of the work; the manner of which and its defence, will 
be plain from fig. 23. where the lines with dots at the ends reprefent the 
fire three different ways from the fame fide. 


There are in many T reatifes of Fortification dire€tions to make a kind 
of temporary works called Sconces, or FIELD-FORTS ; fome of which 
being pretty well-contrived. for-defence, will be here explained ; but one 
{fpecies of fconces, called STAR-FORTS, are fuch wretched baubles, that 


nothing more will be mentioned of them here, than that their plans are 


. pretty things to ftick on children’s kites. 


—_— 


90. To conftruct a Flanked Redoubt. Plate XV. Figs. 24, 25, 26. 


Having defcribed the inner figure, where AB is an inner fide of the res 
doubt, fuppofe of about 18 yards; 


Parallel to this ae at the diftance of about four or five yards from - 


it (or more if necefflary), defcribe an outward figure, the fides of which 
are ED, EF, &e. ‘ | : 

Divide each fide, as ‘Ep, EF, &c. into three equal parts, one of which 
jS EI, EL, &c.; and in thefe fides prolonged take p6é, EH, &c. each 
equal to one of thofe three parts. 


‘ 


From the points G, wu, &c. thus found, draw the lines of defence to* 


the angles of the outward figure,:as HD, &e. ae | 
From the points 1, &, &¢, draw the flanks, 1x, LM, “ec. perpendiculay 
to the fides, ED, EF, ce. meeting the lines of defence in K, M, Se. 


Or, The flanks may be thus drawn. 


"In the line br continued towards &, take IP equal to twice 1z. And from 
Pp, as a center with the radius Pi, cut the line of defence in K, and draw 
the flank 1k. 

Then to each face (Hx), flank (K1), and curtin (1G), make a parapet 
of about 7 feet thick (or more if neceflary), which is expreffed in the plan 
by lines drawn at that diftance on the infide of the feveral parts. 

Leave a proper berm of about 4 or § feet broad, and make a ditch of 
about § or 6 yards wide, the outer line of which, or counter{carp, is to be 
parallel to the faces and curtins only. | 
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A redoubt thus conftruéted is more capable of defence than one with- 
out flanks: for the curtin 1G is well defended by the flank 1k ; and the 
face HK has fome defence from the part DG. | 


a1. | Of Redans. 


A REpawn is a fortified line broken into feveral curtins and flanks; the 
defences of the flanks being all directed one way. 


This is a very good work for the defence of any paffage, fuch as a hol- 
low way, a road, a river, or a harbour’s entrance. 


If the defence is intended chiefly for cannon, the diftance of the flanks 
from one another fhould not exceed 300 yards, that being about the 
point-blank flight of a mufket fhot. But if the defence is chicfly intended 
for inufketry, the diitance of the flanks may be about 50 yards or lefs. In 
general the diftance of the flanks fhould be regulated according to the 
numbcr of them intended to be placed within the length of the line. The 
Jength of each fla:.k Should be about 15 or 18 feet, in order to admit one 
gun; but if more cannon than one are to be put in a flank, the flanks 
muft be made proportionally loner. 


And if the flanks are made about two or three feet lower than the 
curtins, there will be no danger of the troops potted in the faliant angle 
of one flank, being hit by thofe in the entering angle of the flank next 
behind. | 


92. To confirué? a Redan. 


In the-frotit line take the equal faces AB, AB, &%c. of the length pro- 
pofed for the diitance of the flanks, as fuppofe 50 yards ; draw the per- 
pendiculars ac, 8D, of 18 fect each, and draw the faees Bc, AD. 


From the faliane angles a, B, draw the flanks AE, BF, at right angles 
to the faces, and the mafter line ABBFAE will be conftructed. 


« 
Make a rampart, parapet, and foot-bank ; ramps in the curtins, an em- 
brafure in each funk, and as many in each face as convenient. 


_ ‘The thicknefs of the parapet, if of earth, may be from 9 to 12 feet; 
but it of mafonry, about 4 or 5 teet will do. 


SECTION 
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 ~ SECTION WW. 
- Of the Fortifying of Towns, . 


Towns are fortified by furrounding them with a rampart, moat and 
outworkss-'Y ' 

73. The Rampart of a town is a large bank of earth furrounding 
the place, of a height fufficsent to cover the habitable parts of the houfes 
from the dire&t fire of an enemy ; and of a thicknefs fufficient to refift 
the efforts of his cannon forsmany days. «7s ' 

The rampare at certain diftances, within the reach of mutket fhot, 
fhould have works projécting outwards, either contiguous to the ram- 
part, or detached from it; and thefe aoe are to be fo contrived, 
as to flank or defend one another. 


- Projeéting works contiguous to the ramparts. are Called ba/fions, and 


thofe detached from it are called outworks, 


74. A BASTIONiS a projecting work confifting of four lines; namely 
of two Faces forming a faliant angle; and of two FLANKS, which 
join one to the end of each face, and have their‘other ends joined to the 
; rampare. rey) 

i: 5. The Curtin is that part of the karripart which lies between two 
ba 


ions. 
ATES. 


76. The Parapet is a breaft-work: srahping quite round the faces, 
flanks, and curtins; of a height and ftrength proper to cover.the troops 
pofted on the rampart. 


77. The Moar isa large ditch dug on the outfide of the rampart and 


fome outworks, quite round the place; the earth that comes out of it 
ferves to make the ramparts, parapets, and other elevated works, 

The Scarp.is that border or wall of the moat next the place, and the 
CouNTERSCARP is the oppofite | border or wall. 


-8. The Coverrp-way is a fort of paflage or ftreet running quite 
round the moat next the counterfcarp ; and is covered on the fide next 
the country by a bank or parapet. 


79. The Gracis is a gentle flope of earth defcending from the paras 
pet of the covered-way towards the country. ° 

The head of the glacis is the’ higheft part of it, or the top of the para- 
‘pet next the covered-way. This part is fometimes called the counter- 
fearp; but the foldiery ufually call the Scorers way and gnc together 


the counterfcarp. : ne 


i Aen ace 
89. The Ourworks, or thofe detached from the rampart, are of va~ 
rious forms and ufes; fome to cover the principal parts of the rampart, 
and fo retard the enemy’s approaches towards the town, and others to 
- fecure thofe places, which, if neglected, might be of advantage to the 


beliegers. | 
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4 MARINE FORTIFICATION. 
81. The names of the principal Parts of the Plan of-a Fortref:. Plate XV1. 
The figure HeBMN reprefents the plan of.a baftion, Fig.) 4. 


ag the thicknefs of the rampart. 
ad the breadth of the parapet. , 
m min the moat, ditch, or fofs. . 
aqaaa’. the covered-way. 
bbbsb _ 3 the glacis. 
82. Of the principal Lines. 
The line as reprefents the exterior fide of the polygon, and La its radius. 

IK the interior fide and 11 its radius. 

IA the capital ‘ep the normal. 

GH the curtin AH the line of defence. 

«GI ' the demi-gorge, the breadth HN the gorge. 
ao HF reprefents the flank} - 1 papion 
A BF the face | ; 
83. Of the principal Angles. 
The angle axa reprefents the angle of the center. 
ZL AAB the angle of the polygon, or Z of the gorge, 

LEGH ~ the angle of the curtin, or 2 of the flank, 

Z.GEA the angle of the fhoulder. 

2. FBM the angle of the baftion, or flanked angle. 

4. BAH the pra rece — ] 

the exterior flanking angles or 

=are i the angle of the real: ‘ 

2. EHG the interior flanking angle. 

apa the angle of the counterfcarp. 


84. The names of the principal parts of the Profile of a Fortrefs. 
Suppofed to be taken through the line pr, Fig. 6. 


The line A a reprefents the thicknefs of the rampart at its bafe. 


AR the inner flope 
BR the inner height > of the rampart. 
BC the walk. : 
cD the flope, and nz the top of the foot-bank. 
EF the inner face or flope 7 
FG _the top or crown _ » of the parapet. 
QH the outer flope or front}. 
HI the face of the wall, called the {carp. 
1k the breadth of the moat. 
KL the outer wall of the mioat, or counterf{carp: 
LM : the breadth of the eovered-way. - -. 
MN , the flope, and No the top of the foot-bank. 
- OP '* the coke of the parapet, or inner face of the 
glacis. . be 
; PQ the gentle flope, and P the head of the glacis, 
ae 2 = —— + = 2 
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Military works of defence fhould be ‘conformable to’ the principles 
‘ which have from time to time been colle&ted and eftablifhed as funda- | 


‘ mental propofitions ; fuch are the following. 


85. GENERAL PRINCIPLES, u/ually called Maxis. 


I. The plan of every place that is to be fortified, ought firft to be cit- 
cumfcribed with one of the: moft convenient polygonal figures that can 
be fitted-to that place, and this polygon to be fortified. | 

II.; The more regular the circum{cribing polygon is, the betthr. 

III. It is a difadvantage to be under a neceffity of exteriding the works 
about a fortrefs. a , | 

IV. Every fide of the polygon, as much as is pofible, fhould be equally 
fortified ; that the enemy may not have it in his choice to attack a pare 
more’ weak than the reft. a 

V. All works. ought, as much as is poffible, to be eafy to build, hard 
to deftroy, and not difficult to be repaired. o 

VI. The works about a fortrefs fhould be fo contrived as to cover the 
defendants, difcover the approaches of the enemy, and be adapted to the 
common weapons of defence. | 

VII, Each work fhould be defended from as many as may be, and [i- 
able to be attacked from as few.places as poffible. | 

VIII. Thefe works made to defend.one another fhould be fufficiently 
large to contain the troops and cannon neceflary for that defence. 

i X. Works which are to flank one another ought not to be at a greater 
diftance than the point-blank flight of a mufket-fhot. ; 

=X, The works fartheft diftant from the body of the place fhould ever 
be loweft, that they may be commanded by thofe that are nearer. 

XI, None of the works fhould, if it can be helped, be beyond the 
point-blank reach of the cannon within the town. 

XII, Wet ditches are preferable for fmall places, dry ones for large 


laces. — 
J XIII. Baftions with large flanks and large gorges are moft efteemed. 
XIV. The flanked angle of a baftion fhould not be much lefs than a 
right one, but are better when obtufe, not excceding 120 or 130 degrees. 
ekg The faces of baftions fhould not differ much in length from 100 
ards. | | 
z XVI. A curtin fhould not be much longer than 180 yards, nor much 
fhorter than roo yards. es: aoe 
XVII. The angle of the curtin fhould be between the limits of go 
and 100 degrees. a - 2 
XVIIL ‘The point-blank flight of a mufket-ball is about 360 yards, 
or within the limits of 240 and 360 yards’; and that of a battering can- 
non; is about 1200 yards. | an | 
XIX. Battering cannon will drive a ball 14 or 1§ feet into a bank of 
common earth at a diftance of 300 or 400 wails: | | 


| From the foregoing maxims conftrudtions hive been made for all the 
segular polygons from four to twelve fides inclulive ; and the oe 


the feveral lines and angles have been obtained from trigénometrical 
zations ; the refults of which are contained in the following table. 


x 86. 4 
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MARINE FORTIFICATION. a7. 


By the help of this table, every thing relative to phe woatter=line of any 
of thefe fortrefles is readily conftructed. 


87. PROBLEM I. 
To defcribe any of the polygons in the table. 


‘ 


First. To confirud? a polygon in a circle.. Plate XVI. Fig. 1. 


itt. With the exterior radius of the given polygon defcribe a circle. 
ad. Apply the exterior fide equal to 360 yards within the circumfe- 
rence of that circle, from a to B, B to C, c to D, &c. as many times as 
the propofed polygon has fides. 
‘ ae Draw the lines AB, BC, cD, &c. and the polygon will be cone 
ructed. 


38. SEconpLY. tn confiru a polygon upon the exterior fide. Plate 
XVI. Fig. 2. 


rft. Draw the exterior fide aB equal to 360 yards. 
ad. At theends a, B, make angles equal to the angle of the sige 
and in that pofition dyaw the lines AE, BC, each of the length of AB. 


3d. At the points &, c, make angles as before, and in thofe pofitions: 


draw the lines Ep, cD, "each of the fame length as as. 

And thus proceed until the polygon is conftruGed. 

Note, The two laft lines may be found by defcribing interfeCting. at arcs 
D, with the radius AB, from the centers E and c. 


8. PROBLEM IU. = 


To fortify any regular polygon in the table. 
Or, To draw the MasTgr-LInE of a regular fortrefs. 


First. From the exterior fide. Plate XVI, Fig. 3. 


aft. Make the exterior fide az equal to 360 yards, and find its middle c. 
ad. Draw cp at right angles to AB, and make cp equal to the normal. 
3d. Through p draw the lines of defence ADH, BDG. 
' ath. Make the faces ag, BF, each of their proper lengths. 
sth. Transfer the diftance FE from F to G, and from £ to H. 
- 6th. Draw the curtin Gu, and the flanks EG, FH. 
This werk being done for every front or fide, the mafter-line of the 
fortrefs will be defcribed. 
This method is moft fit, when the mafter-line is to be laid down on a 
place where there were. no works before, 


go. Seconpiy. To fortify from the curtine Fig. 3. 


aft, Make the curtin GH of its proper length, for the given polygon. . 
ad. Make the angles of the curtin HGE, GHF, as in the table. | 


3d; In the lines Gz, HF, take the flanks Gz, HF, of their proper Jength, | 


4th. Make the angles of the fhoulders Ge, HFB, as in the table. . 
sth. Make the faces FB, EA, of their proper lengths. Thi 
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' ‘This method is proper to be ufed when a piece of an old fortification - 
is to ferve for a curtin to fave expence. 


gt. Turrpiy. To fortify from the interior fide. Fig. 3. 


ift. Make the interior fide rx of the length given in the table for the 
propofed polygon. — 

2d. From each end fet off its proper demigorge KH and GI. 
! 30. On x and 1 as centers, with the extent of the capital, as in the 
table, defcribe arcs at B and a. . 

4th. On 1 and G as centers, with the length of the line of defence, as 
in the table, cut the former arcs in A and B. | 

sth. Draw the lines An, BG; in which take the faces AE, BF, and 


“@raw the flanks EG, FH. 


This method is ufeful when modern ramparts and baftions are to be 
annexed to fimple walls furrounding a place. 

In either of the above methods, the work here defcribed for one front. 
is to be applied to every front of the polygon; and it is recommended to 
the learner, that he apply the precepts given for one front to a complete, 
polygon; and fhould a frequent repetition of thefe operations to a wh» < 
polygon become difagreeable, they may be done only on two fcnts, 
which may be thus drawn. | 

Draw a capital line aL ; make the angles LAB, LAA, 0203 6% 4! [2 
half the angle of the polygons and make the fides AB, AA, C225 X12. te 
360 yards. | : 


2. PROBLEM III. 
To confirud? the plan of a baflion, Plate XVI. Fig. 4. 


aft. Diaw a capital Jine sk, and make the angles MBK, FBK, each 
equal to half the flanked angle. :, 
2d. Take the lines BF, BM, each of the Iength of the face. 
' gd. At the points F; mM, make the angles of the fhoulder FH, BMN. 
4th. Make the lines FH, MN, each of the length of the flank. 
5th. At the points H, N, make the angles FHG, MNa, equal to the 
angle of the curtin, and draw the pieces of the curtin HG, Na. 


This problem may be found ufeful on many occafions; particularly 
When the drawings of works in a baftion are to be reprefented with that 
baftion only, on a large fcale, therefore it was here introduced, more 
efpécially for beginners, who are apt to be fomewhat puzzled about con- 


_ Ktruing part of a work, independent of the whole. 


93- : PROBLEM UW. . 


Tha mafier-line of a fortrefs being given ; to draw the plan of the rampart, 


Plate XVI. Fig. 5. 


rft. Draw the lines @ g perpendicular to each face, flank and curtin. 

2d. In cach of the lines g take a g=24 yards, ab==20 yards, 
3 Qta € yards, ads Gyards. - 

| 30. Through 
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3d, Through the points d, ¢, 5, g, draw lines parallel to the mafter- 
ine; that is, to each face, flank, and curtin, interfecting one another. 
Then the breadth of the rampart is reprefented by a g=24 yards. 
of the parapet by ad= 6 yards. 
| of the foot-bank . | by dc= 2 yards. 
\ of the walk of the rampart by ¢ b=12 yards, 
And of the flope of the rampart by dg=s 4 yards. 


The breadths of thefe parts of the ramparts are fometimes different, ac | 


tording to the quality of the earth, or other materials the work is to bg 
built with. . 

Sometimes. the baftions are made folid; that is, the rampart fills up 
the whole fpace contained within the faces, flanks, and neck, The plang 
of fuch are reprefented by continuing the pair of lines 4 g, forming the 
inner flope of the rampart, again{ft the adjacent curtins, till they mee¢ 
the capital in the breaft of the baftion, as at R; but then this pairof lines 
is to be omitted againft the flanks and faces of fuch baftions. | 

In plans drawn from a large {cale it is ufual to exprefs the outfide flope 
of the rampart by a pair of lines; that is, by drawing a parallel to the 
miafter-line about five or fix feet diftant from it on the outfide. 

The mafter-line is to be drawn the thickeft ; the infide of the paraper. 
fomething finer ; and the other lines as fine as they can be drawa, . 


94. Before any of the lines are drawn in ink (for it fhould be rea 
marked that every thing is firft to be drawn in black lead pencil), let the. 
ramps be put in the inner ws of the rampart (52); the embrafures in: 
the parapets of the flanks (46) ; the barbets in the faliant angles of the 
baftions, fig. 6. with their ramps (56); and the cavakers, if any are to 
be, in the lid baftions, fig. 7. with their ramps and embrafures (58). 

_ All thefe feveral parts being laid down with black lead pencil, let the- 
lines be neatly drawn with Indian ink, taking care not to draw them be- 
yond their proper terminations ; for wherever fuperfluous ink lines are. 
{craped off, the plans will never look well when they come to be wafhed 
with. any colour. 

When the plan is to be wafhed, that is, coloured with tints of Indian 
ink or other colours, leave the lower line of the inner flope of the ram- 
Eee oh pencil, which wil] make it appear fofter when the drawing is 
cleaned off. 


REMARKS. 


g5- In the middle of baftions, fig, 8. it is ufual to build magazines 
for the ftores of powder, bombs, and other fire-works, and alfo for the 


provifions for the troops, and lodging. For in thefe:places they are hot. - 
only more out of the way of doing damage to the town on an accident of | 


blowing up, but they are al{o nearer at hand to be tranfported to the {e- 


veral works where they may be wanted ; and here the troops may fecurely._. 
Thete .. 


take their reft when relieved from duty. 
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- Thefe magazines are ufually built about 20 yards long by 12 broad in 
the clear, and about 8 feet high in the upright, befides the rife of the fe~ 
micircular vault: the fide walls are about 8 or 9 feet thick at the foun- 
dations, and about 8 at top; the end walls about § at bottom and 4 at 
top: and that they may be bomb proof, the work is about three feet 
thick in the reins, or juft above the fpringing of the arch, and eight or 
nine feet thick in the crown or top; this is effected by building the roof 
floping on the outfide, like the roof of a houfe. | 

Thefe buildings are fometimes ftrengthened on each fide by buttreffes 
6 feet by 4; and in each fide wall there fhould be left in the folidity of 
the wall vent-holes to air the magazine: thefe vents wind round a kind 
of fhaft of about a foot fquare. In cach gable end, a {mall window is 
made to give light. 

"96. Magazines may be’ either in hollow or folid baftions ; care being 
taken in the latter to leave an area about their walls, if the place is fub- 
jet to damps. There are thofe, who would have the magazines at the 
foot of the rampart along the curtins, in order (as they fay) that the baf- 
tion, by being left clear, may be difputed witb the enemy inch by inch at 
Taft ; but as there are very few examples, fince the modern practice of 
war, of fuch extraordinary refolution in the defendants after a breach is 
made, the reafons for having the baftions thus unincumbered with build- 

° ings, are rather ideal than real, and confequently can have but little 
weight. However, when the ditch furniffres earth enough, or it can be 
otherwife eafily had, it has been the practice of the moft eclebrated en— 
gineers to make full baftions, efpecially if they were {mall and had nar- 
row necks, 

97. In the faliant angles of baftions, fig. 7. fuch as the flanked angle, 
and the angles of the fhoulders, it is ufual to make little centry-boxes of ° 
wood or ftone, to fecure the centinels from the inclemency of the wea- 
ther and random fhot. They are furnifhed in the fides with loop-holes, 
to fee what is doing‘in the ditch and covered-way, and alfo to fire through 
on occafion. ; : 

_ ‘The plans of thefe centry-boxes may be either fquare, round, or pen- 
tagonal, and their floors are on a level with the walk of the rampart; 
their communication is by a paflage of about 3 feet wide, bricked on 
each fide, cut through the parapet. - 

The centry-boxes built of ftone are ufually ornamented with mould- 
ings, and the arms of the prince or ftate. 

’ 
98. PROBLEM VV. 
The mafter-line of a fortrefs being given, to draw the plan of the fofs and 
‘ t I ylesade Plate XVI. fig. 4. . fee Ff 

‘1ft. On the flanked angle B of each baftion, with the radius sc equal 
to the breadth of the fofs, found in the table, defcribe an are cc. 

ad. Lay a ruler to touch each arc at c, and the angle £ of the neareft 
fhoulder of the next baftion, and in that direction draw the lines cp, 


meeting one another in p. | ee 
3d. From the flanked angle of ‘each baftion draw lines bg at right 


fancles to Cp. 
Pa 4th. In 
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4th. Ineach of the lines  g, take c a=10 yards (Fig.4.) 
| C o==12 yards, and c g=60 yards. 
sth. Through the points, 2, 0, g, draw lines parallel to Cp, meeting 


"before the middles of the curtins at c and t (Fig. 3 ), and before the 


flanked angle of the battions in v, x, y,. | 
Then will sc reprefent the breadth of the fofs. 


4 


cq of the efplanade. | 
toe "OG of the covered-way. 
-  @e of the foot-bank. 
1 og of the glacis. 
The arcs cc reprefent the baputes 2 of the fofs. 
The lines;.c p  =—-—séathhe- countterfcarp. 
: 7 oe the head. + % oe 
| oe : ° | fe ss i ” ? of the glacis. 
And y¢ the foot | 


The head of the glacis is to be drawn ftrong, ‘and all the other Knes 


. aretobefine , 


99. When the plan is to be wathed, if the foot of the glacis be drawn 


_in lead pencil only, the termination of the glacis, or its concourfe with 


. the adjoining lands, will appear more foft.and neat. 


" é 


In the colouring of the glacis it is ufual firft to lay a very light tint of 
colour over every plane, and then to ftrengthen the colour on every {e- 


. cond plane, beginning at any.faliant angle ; the ftrongeft tint to be next 


_ the head of the glacis, and to be wafhed gradually off ; fo that the limits 
of the lighteft fhade fhall lie in a diagonal line from the foot of the glacis — 


at a ridge, to the head of the valley, as from y to s. 

Give a light touch of the pencil .or brufh, with a middling tint of In- 
dian ink, along the infide of the line, denoting the foot-bank. 

Wath: the borders of. the ditch near the fcarp and caunter{carp, 
foftening the edge of the colour with a brufh wet with fair watery; in 


wet ditches the colour ufed is diftilled verdigrife; but in dry ditches ufe 


bifter. : 
The parapet is generally coloured with a middling tint of Indian ink.. 
100. By this method of drawing the counterfcarp, all the fofs is feen 


_ from the fanks,, and. confequently is defended by them ; which muff be 


more advantageous than if the counterfcarp was direCted to any other 


art of the flank, the intercepted part next the fhoulder being by it ren- 


dered ufclefs for the defence of the ditch ; neverthelefs, if it were on any 


. account neceffary, the direction of the wall of the ditch may point within 


ro 


, &c. Neither is a low wall fo much expofed as a high one isin the modern” 


_ the fhoulder by the thicknefs of the parapet of the face, and {till the fofs _ 


would have the whole defence of the flank. : ‘ 
101. Fortifications in general would be very defective without foffes : 


. for the wall or rampart need not be raifed fo high when there isa ditch, ° 


. as they muft be without one, to fecure the place from furprizes by {caling, 


methods of attack. Befides, a place is not fo liable to the attempts of a 
furprize with a fofs, as it would be without one; for the enemy, if difs 
covered, may eafily retreat while he is on a level with the country, which 
he would find fome difficulty in doing from the bottom of a sa He 
ounde 
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bounded by, walls or banks nearly upright. Add to thefe, that the earth 

taken out of the ditch ferves to make the ramparts, parapets, glacis, &e, 

" -yo2. It may appear to fome perfons, that the broader and deeper a fofs 
is, the better, as it would throw more difficulties in the way of the be- 
fiegers when they wanted to pafs it; but fome advantages are beft wav 
when, by taking them, greater difadvantages would enfue. For befide the 
reat expence that the digging and removing fo much earth would occa- 

a the enemy might {ec the foot of the wall at a greater diftance in a 
broad ditch ; and ina deep one, the cannon of the flanks could not dip 
low enough to defend the bottom. And on the whole, if the fofs by its 
magnitude furnifhed more earth than was wanted, fome inconvenience 
might arife in the difpofing of the overplus. } . 

103. Thofe foffes are beft, which can be filled with water and drained 
at pleafure by the help of fluicds or floodgates ; becaufe all the advantages 
that may be reaped either from a wet or dry fofs, are by thefe means ob- 
tained: but as thefe cannot be had every where, the ditch muft be adapted 
to the fituation of the place. © coe 

In dry foffes a row of palifades is fometimes planted along the middle, 
either upright, or loping towards the counterfcarp 20° of 30° from the 
U right. ry . 

P 1 ae dry fofles, where water can be had, a trench called Cuverre 
_an (Fig. 12.) is dug along the middle, of about 12 or 15 feet wide and 
6 feet deep, for the water to run in. | 

The breadth of the fofs, although unequal in itfelf, is reckoned from 
the flanked angles, before which it ts always rounded ; the depth here may 
_ be from 15 to 20 feet, and thence rife gradually to the middle of the curtin 
~ where the depth is 4 or § feet lefs. “os 


a Of Gates, 


104. A Gate, in a fortified place, is a paflage through the rampart, 
which can be fhut up or opened by the means of doors ahd a porteullis. 
105. A PorTcuLtuis is either a HeRse confifting of ftrong pieces of 
timber framed like a lattice, the lower ends of the upright pieces being 
fhod with pointed iron, and the whole frame let down by chains or ropes: 
or ORGUES, confifting of feveral long pieces of timber not framed toge- 
ther; each hanging by its particular rope or chain, the ends of which are 
' ‘wound round a windlafs witch letsthem all down together, ‘ ~ 
' " The ufe of a portcullis is to ftop the gateway in’ cafe of a furprize y 
and in this, the orgues are by much the beft’contrivance ; for a herfe may 
’ be broken to pieces by a pees or by cannon fhot: but fhould a beam 
in the orgues ‘be ftruck off in the middle, the upper part will defcend to 
. fupply the place of the part taken aways : a 
' Gates are either public or private. 
106; Private or PostERN GATES are thofe paflages through the 
_ tampart by which the troops can go out of the town unfeen by the enemy, 
" When they pafs to and from the relicf of the duty in the outworks ; or oa 
". any other occafion which is to be concealed from the befiegers. 


t 
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_ 107. Pugtic GATES are the paflages through the middles of the cur- 
tins, to which the great roads or public ways lead. 

They are put in the middles of curtins; as being the beft defended place 
inthe out-line of the rampart. 

The dimenfions of a public gateway are ufually about 13 or 14 feet 
high, and g or 16 feet wide, continued through the rampart with proper 
recefles for the foot-paffertgers to ftand in while the wheel-carriages pafs 
on. Itis ufual to ornament the front of the gateway on the outfide with 
architecture either of the Tufcan or Doric order, and to cover the paflage 
with a ftrong vault. Over the vault, clofe to the town-wall, is erected a 
building of about 18 or 20 feet fquare, in which is fulpended the port 
cullis ; and on the infide of the rampart there is generally raifed another 
building, of about 100 feet in front and 30 deep, and high enough to 
contain one or two floors of rooms for one of thé town-officers, the 
ground floor ferving for guard-rooms for the troops who are on duty at 
the gates. : 


108. To conftrud? the Plan of a Gate with the adjoining Buildings. P\. KVL. 
Fig. 9 

Let the line de reprefent the thicknefs of the bafe of the rampart, and 
the middle line of the gateway; in which take thefe meafures ‘in feet: 
af=4k3 fr=—6; rhb=183 ¢1=230; andcm=rs: through thefe points, 
lines being drawn parallel to the curtin, take fd=4}; f=>14; rg=g; 
c k= 50; and &/=6feety and complete the figure. 

Then 4 reprefents the plan of the frontifpiece ; ¢ 4 of the portcullis 
room; r& of thé arcade or guard-houfe; and /é is the breadth of the 
ftairs to afcend the rampart. ei 

The plan, to which thefe directions refer, is on the right-hand fide of 
the plate. 


“ 


109. Of the difpofition of the Streets and Buildings in a Fortréfs. 


When a new town is built and fortified, and all that relates to. thé 
rampart is fixed with regard to fituation and fize 3 then the plan of the 
ftreets is to be confidered ; and here fome authors have thought it con- 
venient to adapt the pofition of the ftreets to the climate the town is 
buile ins 

- Thus in hot climates, they would have the ftreets run NE. and SW.; 
NW. and SE. ; for then the ftreets will be thaded by the houfes from the 
mid-day fun. In this manner New Brifac, part of Malta, and fome other 
regular built towns are laid our. But in cold climates, they advife to 
place the ftreets fo as to run north and fouth, eaft and weft, in order to 
have as much fun heat as can be. . 


tro. To defigh a Plan of the Streets and Buildings. 
About the middle 1 of the town defcribe a fquare, the fides of which 
fhall be parallel to the pofition of the ftreets (already determined) ; this 


tiquare is called the great place of arms, and the fize of it fhould be pro- 
Vo. IL. *C | portioned 
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portioned to that of the town, and to the number of troops defigned for 
its defence. “Thus in a fquare, make the fide of the place of arms about 
go yards; ina pentagon, about 100; a hexagon, 120; a heptagon, 140; 
an o&tagon, about 160 yards, &c. In this place of arms the troops pa- 
rade, or are afiembled for their daily exercife. 

In the continuation of each fide of the fquare draw ftrects about 10 
yards wide ; likewife through the middle of each fide draw a ftreet about 
12 yards broad; crofs thefe ftreets perpendicularly wi:h others about 8’ 
yards wide ; make the parallel diflance of thefe crofs ftrects about 40 
yards, and continue all the lines to the rampart. 

-It is not neceflary, that the middle ftreets going from the great place 
of arms xt fhould terminate directly againft the gate gz, fig. g. But it is 
fomewhat mo:e convenient, when the circumftances of the place will ad- 
mit it to be fo. : 7 

Make ftreets about 10 or 12 yards wide, parallel to thé curtins, and 
bounved on one fide by the rampart. About 45 yards diftant from this 
ftreet, within, draw anciher ftrcet about g yards wide. In the fpace u 
between thefe two ftreets, the barracks for lodging the officers and fo!- 
diers are built; and inthe ftreet next the rempaert the piles of fhot and 
bombs are (omeiimes placed. 

The leneth of the plan of a barrack before a curtin is about 140 or 
180 yards, and the p'an of a pavilion 1 for the officers may be about 25 
yards long by 16 or 18 yards broad. ; 

Againft thofe cuttins where the public pates E are paced, the barracks 
are aifcontinued for aout 40 yards on eich fide the gate, making an 
area abcu 80 yards long, and 36 broad, which ferves for a Icfler place of 
arms, where the guards of a gate-way draw up in cafe of a furprize :, 
this area is allo useful fer the carriages that are going out to flop in, untl 
thofe en the bridge coming in have entered the gate. In figures of 4, §; 
or 6 fides this area ts !ef3. 

The extremities 1 of the barracks next the gates and baftions are ulu- 
ally aigned for the oficers pavilions, beinz the moft airy places. 

iit. Of the rectangular plats made by the interfeétions of the frreets, 
the moft conveniently fituated ones are to be chofen for the public build- 


“Ings; fuch as thé arfenal, church, town-houfe, market, houfe for the go- 


vernor, and for the c:her chicf officers in the fervice of the ftate; and on 
the remaining plats houfes are built for the burghers. 

Befde the guard-houfes of the gates there fhould be others made’ on 
the ramparts for the centinels appuinted forthe night watch; thefe guard- 
chambcrs are often placed at the centers of the necks of baftions, when 
in thofe places there are no cavaliers or r.gazines of powder, They are 
alfo well difpofed, when fet on the middies of thefe curtins where there 
are no public gates, efpccially when there is a water-gate through which 
guns a canal or river. oie 

Thr arfenal fhould be erected in a place the leaft Hable to accidents of 
fire;'and if there is a conveniency of watér-carriage in the town, the 
arfenal fhould be placed as ncar the water asmaybe. : 

’ There are no general rulcs to be given for fixing the places on which 
the public buildings are to be erected, becaufe the circumftances by 
which engineers regulate their plans are varicus. Therefore inthe figure 

rc- 
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referred to, which is a regular pentagon fortified in the common way, the 
ftreets and buildings are Jaid out in imitation of their difpofition in New 
Brifac ; which being in general efteem is ufually propofed as a pattern 
for beginners. | 

There are many writers on this fubjeét, who propofe to make the 
great piace of arms, or parade, fimilar to the figure of the town when 
regular; and from the angles and fides of this parade, draw ftreets to the 
middle of the baftions and curtins; but as this difpofition fpoils moft of 
the corner houfes in the town by making the walls at oblique angles to 
one another, it was thought fufficient bareiy to mention fuch conftruc- 
tions. 


Poa 


Of Bridges. 


112. The paflage over the moats of fortified places is by bridges, moft 
‘commonly made of timber, and fupported by frames rifing from the bot 
tom of the ditch: fuch bridges are either private or public. 

PRIVATE BRIDGES ferve for the eafy communication between the 
town anJ the outworks. a 8 

PuBLic BRIDGES are thofe by which carriages and paflengers go over 
when they come into or depart from the town. 

Bridges confift of two parts, namely, the fixed and moveable. 

The FIXED or DORMANT parts of a bridge are thofe parts, which are 
{trongly joined to the fupporting piers ; and are never moved but in the 
cafes of repairs, or during a fiege. ‘ 

The MoveEaB Le or DRAW-BRIDGE iS a floor of timber framed to- 
getuer, one end of which ferves as an axis, by which the other end may 
be drawn up or let down by fome eafy contrivance: the moft common 
way is by a kind of balance called plyers. | | 

The PLyers are two timber levers about twice the length of the 
bridge they lift, and joined together by other timbers framed in the form 
of a St. Andrew’s crofs, which ferves as a counterpoife. The plyers are 
{upported by two upright jaumbs, on which they {wing ; and the draw- 
bridge is raifed or let down by the means of chains joined at the ends of 
the plyers and bridge. 

The breadth of a public bridge is ufually about 16 feet, including the. 
rails and footway of about 3 feet on each fide: but the breadth of the 
draw-bridge is only 9 or 10 feet, and its length about 1§ feet, 

A draw-bridge is generally placed clofe to the gate, whether it be the 
gate of the town or that of an outwork ; and is then by the means of the 
plyers drawn up againft the gate. [ut when a bridge is more than 40 
yards long, it is ufual, befide the draw-bridge at the gate, to put another 


about the middle of the bridge. 


i) 


II 3. To draw a Bridge in the Plan of a Rertrefs. . 


Before the gates draw four lines acrofs the ditch, making three intervals 
or fpaces, the middle one being 10 feet broad, and the {pace on each 
fide three feet. . _ 


ig C2 Divide 
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Divide the length of the bridge into parts of about 16 feet long each, 
to exprefs the diftance between pier and pier, or the bays of building; 
and againft each divifion, on the outfide of the ig) make a {quare of a — 
foot, to exprefs the ends of the piers fupporting the bridge. 

Allow the bay next the gate for a draw-bridge ; and if the length of 
the bridge exceeds 40 yards, allow the middle bay for another draw- 
bridge. Thefe are to be diftinguifhed by drawing two diagonals acrofs 
the middle interval of thefe bays, that of the other bays having lines 
drawn acrofs them at a fmall diftance from one another, and the {pace on 
each fide left white for the footway ; which is to be broken off at each 
draw-bridge. See figs. 13, 15. Plate XVI. 


II4. Of the Orillon and Retired Flank. 


When the befiegers of a fortrefs have made a breach in the face of 
a baftion fufficiently perfect, and have every thing ready for the ftorm, 
they crofs the ditch to the attack, if the befieged will fuffer it to be 
brought on. In this attack, the fire from the flanks is the moft effectual 
defence ; and cannon placed there, loadéd with grape or cafe-fhot, would 
do great execution. But of this the befiegers are well aware, and there~ 
fore take care before-hand to difmount al] the cannon flanking their in- 
tended paflage of the fofs; and as this cannot be well prevented by the 
befieged; efpecially when the flanks are plain ones, feveral of the moft 
eminent engineers have propofed, and actually built part of the flanks re- 
tired behind the ordinary limits, leaving at the fhoulder of the baftion a 
mafs of earth, commonly called an Orillon, which is to ferve as a fkreen 
between the enemy’s dire&t fire and a part of the flank. In this covered 
part is referved one or two cannon, to be ufed only in the defence of the 
breach in the face of the next baftion. 


This notion of covering part of the flank is almoft as old as the mo- 
dern method of fortification. . 


315. To conftrutt the Orilken and Retired Flank. Plate XVI. Fig. ro. 


ift. At right angles to the face as, draw from the angle of the fhoul- 
der the line sb equal to 8 or 9 yards, and make $ the center of the are 
sa, forming the eri/lon. 

2d. From a point z, in the face of the next baftion, fig. 6, about 1§ 
yards from the point a, draw through a@ aline zm; in which, and alfo in 
the line of defence Ar produced, take the brifures or breaks am and ra, 
gach 10 yards. 

3d. From m and », with the radius mn, defcribe arcs cutting in d, 
which make the center of the arc mn, or concave frank. 

4th. In dm produced, which ferves as the termination at this end, 
Jay the feveral breadths of the parts of the rampart; as the parapet=6 
yards, foot-bank=2 yards, walk=12 yards, and the flope=4 yards; 
then from the center 4, through thofe points, defcribe arcs, meeting the 
parapet, foot-bank, and rampart lines of the bri/ure, thefe being, im 


the continuation of the like lines drawn within the face of the next 
baftion. 


~The 
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The parapet of the orillon is drawn parallel to s a at 6 yards diftance. 

The axis or middle line of each uncovered embrafure in the flank, 
fhould tend toward a point about the middle of the fofs oppofite the 
flanked angle of the next baftion. 

The wall in the upper brifure am, as it cannot be battered, need not 
be above 2 or 3 feet thick to fupport the earth behind it. | 

Through this wall there fhould be a fally- port coming out at the bot- 
tom of the fofs if a dry one, or a little above the water line in a wet fofs. 
The defcent to this port is by a paffage under the rampart of the flank; 
but in ftraight flanks the fally-port is in the curtin next the angle of the 
flank, the paflage to it being under the rampart of the curtin. 

The entrance into thefe fally-ports is marked on the inner flope of the 
rampart againft the letters v. : 


116. Of Double Flanks. 


The progrefs of the works of the befiegers generally depends on their 
having a greater army than is in the town befieged, and of forming a 
greater fire on the town than it can return; therefore fome engineers 
have endeavoured to hinder the progrefs of the eae batteries, by 
furnifhing the town with an equal, or rather a fuperior fire ; and this has 
been propoled.to be effeGted by making fecond and third flanks, one be- 
hind another, gradually more elevated than thofe before. For as it is 
found convenient to filence the fire of the flanks, before the befiegers can 
avail themfelves of the breach they make in the face of the battion; 
batteries are made again{t the flanks, and kept playing at the fame time 
with thofe againft tiie faces. Now the batteries for the ruin of the flanks 
can be conveniently made only within 10 or 12 yards of the head of the 
glacis, and their length not greater than about 40 yards, containing at 
moft about 6 or 7 cannon. But if the befieged can by any artifice pre~ 
ferve the cannon in the oppofice flank, and have a greater number there 
than are in the battery oppoicd, their fire will of courfe be fuperior, and 
ruin the battery inten:led to offend them; and this was expected to be 
accomplifhed by double, or cazemated flanks. 

In fome places two or three tier of cannon were placed one above the 


' other, the upper ones being fupported by vaulted work, as in the Tower 


of London; but fuch having been found very inconvenient, on account 
of the great {mother contained in the vaults, they have been generaily 
conftrudied open. : 

The cazemated flanks have been condemned by many writers, becaufe 
they may be rendered ufelefs by the enemy’s bombs; were this objection 


juft, ie would hold againft any fmall work ; for the befiegers having once 


got the length to any place, may render that place alfo ufelefs to the be, 
fieged ; and jt would thence follow, that it were beft not to have any 


_ places of defence. But as the utility of fuch works has been commended 


by fome of the moft eminent engineers, it was judged proper to mention 
here how thcfe flanks may be conftructed. | 


#*C3 SECTION 
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SECTION V. 
‘117. Of Works for the Defence of the Fofs. 


Such works are ufually called tenails, or ram/fborns, or caponiers. 

A TENAIL is a work railed in the ditch before the curtin upon the 
lines of defence. 

A RamsuHorn is a curved tenail raifed in the fofs before the flanks, 
and prefenting its convexity to the covered-way. 

A Caponier isa kind of covered-way or gallery acrofs a dry ditch 
before the middle of the curtin ; and limited between the lines of defence 
and the counterfcarp. | 

The tenails never rife above the common ground level, but are fre- 
quently two or three feet lower: they confift of a rampart of about 12 or 
15 yards thick, covered by a parapet of cannon proof, with one or two 
foot-banks. ‘Thefe works are placed at fuch a diftance from the curtins 
and flanks, that the fplinters of {tone knocked off them by the befiegers 
cannon may not hurt the troops pofted there to flank the enemy in their 


_ paffage of the fofs; which is the principal ufe they are made for. 


The caponier is of like ufe, but is ufually funk about two or three feet 
lower than the bottom of the fofs. It is about two or three yards broad, 
and is covered by a parapet about 6 feet high on each fide, which flopes 
away like a glacis about 15 yards broad. It is frequently covered by a 
roof made with hurdies, to fuftain a floor of earth about a foot thick, and 
the whole fupported with thick planks mufket-proof, with convenient 
Joop-holes for the defendants to fire through. | | 


118, "To conftrud Tenails. Plate XVI. 


Firft fort with flanks, Fiz. 11. Paraliel to the curtins and flanks, draw 
the lines eg at 4or § yards diftance, aiid E ¢, Gg, at 10 yards diftance: 
from F, and p, the middles of cG, cE, draw the flanks Ff, Dd, at right 
angles to the lines of devence a z, 8 ¢ 3 draw the curtin df, and put in the 
rampart, parapet, and foot-bank. Oo | 

_ Second fort with faces enly, Vig. 12. Take the diftances from the cur- 
tin and flanks, the famc as before ; end to the Jines of defence annex the 
rampart and parapet. 

Third fort with faces and curtin, Fig. 3. When the lines of defence 
crofs one another in pD, fo ncar the curtin that there is not room for the 
thicknefs of the rampart and its diftance from the curtin, make the face 
ab, cd, each of 3 of ab, and draw the curtin dé. ~ 
II. Jo confiru? a Caponier. F ig. 12. 


From the exterior flanking angle p draw a line p p to the angle of the 


 counterfcarp p 3 on each fide of D p draw parallel lines, at the diftarices 


of 17, 27, and 15 yards from pp; thefe lines being limited by the lines 
of defence and counterfcarp, form the caponier. | 

This work, which can be ufed only ina dry ditch, ferves, befides its 
defence of the fofs, for a convenicnt paflage between the town and its 
outworks ; and in this cafe there is ufually a circular excavation made in 


the 





4 
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che angle of the counterfcarp, out of which the troops may defile without 
being feen by the ene:ny. | 


120. .  Toconftruét a Ramfborn. Plate XVI. Fig. 13. 


A line p @ drawn from p, the angle of the fhoulder, at right angles to 
the line of defence, its interfection g.with BI, the other line of defence 
continued, gives the center a; from which, with tie radius ap, deicribe 
the outline ac of the ramfhorn, cp being equal to 1» yards ; and annex 
a parapet, foot-bank,.and walk, as in the viher tenaiis. 

This work feemg preferabie to either of the other tenails, both on ac- 
count of its {ymplicity, and the defence for which it is conitructed, 


“ 


eos 


. . SECTION VI. ; 
OF Outworks. 


121. Ourworks are all thofe works advanced beyond the fofs, ferv- 
ing to augment the defence of the town, to cover the gates, bridges, and 
other weak parts; to enclofe thofe eminences, not too far ditiant, which 
command the town; to furround and defend the fuburhs, if any ; and, in 
fine, to throw (o many difficulties in the way of the befegers, that, by the 
lengti of the fiege, the enemy may wafte both his time and troups ; be- 
fides, fuch protraction frequently affords an opporcunity of obliging him 
to raife the fiege, either by the approach of a relieving army, or by the 
fetting in of a feafon unfit for military bufinefs. | 

The outworks recorded by engineers are various, fuch as ravelins, 
half-imoons, lunettes, counterguards, born works, crown works, tenails, and 
fcveral others. But many of them having been found defective, are 
now difufed in all new works and alterations; and therefore thcfe only 
which are now in molt efteem will be here treated of, reterring the more 


“inquiiitive readers to the writings of Malet, Dedier, Le Blond, Muller, 


and oth:rs. 

122. Vhe conflructions of outworks depend on much the fame prin- 
ciples as thofe of the place itfelf; to which may be added, 

ft. Every part of an outwork ought to be flanked or defended either 
from fome neighbouring work, or from the town itfeif; that the enemy 
may not hind any place of real fhelter among the outworks, without bee 
ing at the labour of throwing up a covering for-himfelf, 

ad. As the chief defence depends on the mufket, the parts mutually 
flanking one another ought to be within the ordinary reach of that 
weapon ; that is, not exceeding about 300 yards. 

3d. Every outwork ou zht to be commanded from the town; and 
therefore the more advanced works are ever to be the loweft. ‘Che gra- 
dation ufually obferved from work to work is about three fe-t; that is, 
the rampart of all works advanced before a place gradually diminith three 
feet in height from the rampart of that place ; thus if the town ram parts 
are 18 feet hizh, the rampart of the ffext outwork is 15 feet high, that of 
the work mext advanced is 12 feet, and 40 on; thus the more advanced 
‘autworks are commanded by thofe next withia. . 


C4 | 4th. The 
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4th. The flanked angle of an outwork ought not to be lefs than 6a 

degrees. : 

oath Each outwork fhould be furrounded with a ditch communicating 
with the fofs of the town. When all the ditches can be fiiled with water, 
they ouczht to be equally deep; but when that cannot be obtained, the 
ditches of outworks fhould be fhallower than that of the town ; by which 
means the front of the outworks will be better defended from the parts 
which flank them. Thefe ditches are ufually from about 2aQ to 24 
yards broad, and rounded to that breadth before the faliant angles, with 
the counterfcarps parallel to the faces or outlines of the work they encom- 

afs. 

6th. The parapets of outworks are to be equally ftrong ahd high with 
thofe of the town, as they are to be cannon proof, and to cover the troo 
pofted on the ramparts of thofe works. So that it is ufual to make the 
parapets of outworks of about 18 feet thick, 6 or 63 feet high, with a 
foot-bank 4} feet lower than the crown or creft of the parapet ; and the 
walk of.the rampart about feven or eight yards broad, with a flope within 
of about once and a half its height. 

When the plan of a fortification ig to be drawn, in which are out- 
works, the counterfcarp of the great fofs is to remain in black-lead pen- 
cil, until the outworks are annexed in pencil alfo, with their fofles ; then 
abe way and glacis are tq be drawn furrounding the fofles of all 

e works. 


123. Of the Ravelin. Plate XVI. Figs. 14, 15, 16, 17. 

A RavELIN is a work made before a curtin, ferving to cover it and 
the adjoining flanks from the direct fire of an enenfy. It is compofed of 
two faces, AB, AC (fig. 14), and the two demigorges p B, pc, taken on 
the counterfcarp. 

Lo conftruc? a ravelin. Ina line drawn at right angles to the curtin 
through its, middle, take the capital p a cqual to about 100 yards, and 
draw the faccs aB, AC, directed to points in the faces of the next baftions, 
about 10 yards diftance from M, the angle of the fhoulder, © ° ~~ | 

In this work put a rampart of about 16 or 20 yards, and a parapet of 
about 6 yards ; and before the faces put a fofs of about 24 yards wide, 
rounded before the faliant angle a ; alfo annex ramps in the flope of the 
rampart, and, if proper, conftruct a barbet in the faliant angle. ; 

The gorge of the ravelin, or the part next the town, is left open, 
without any rampart; becaufe the enemy cannot attack it there; and 
alfo, that it may be entirely commanded from the ramparts of the 
tOWNs . ; 


REMARK,S, 


124. It is proper to make a ravelin before every curtin, as the flanks 
are ly thefe means covered from the enemy, and cannot well be ruined 
before he is mafter of the ravelin; without which, he would have it in his 
powe. to batter the flanks from the counterfcarp, both from before tne 
curiin and the face of the baftion; the latter of thefe being the only 
place he can do it from, when a ravelin is interpofed, of which he is not 

¢ - “ matter, 
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mafter. But the difficulty of erecting a battery on the head of the glacis 
azainft the face of a baftion, is rather too great to be undertaken, while 
the place is defended by the whole fire of the adjacent face of the rave- 
lin; and therefore the befiegers can fcarcely hurt the flanks before they. 
have taken the ravelin; confequently fuch works greatly augment the 
defence of a town. : 

125. Ag the face and fofs of a ravelin is defended by part of the face 
of the oppofite baftion; therefore the faces of the ravelin fhould be di- 
rected fomewhat within the angle of the fhoulder, at leaft as much as 
the breadth of the parapet and foot-bank of the flank ; befides, by this 
conftrudtion they cover the flanks more effectually, which is one of the 
principal things wanted, as the flanks are of moft importance, and to be 

preferved the longeft. : 

126. In wet ditches, where the troops pafs from the town fo the rave- 
lin in boats, itis proper to make a kind of harbour in the gorge of the 
ravelin, where the boats may lie covered from the fire of the enemy ; 
and this may be dcne various ways: One is, by making an excavation 
limited by an arc defcribed from a (fig. 15), the angle of the counter- 
{carp, with a radius of about 20 yards. In dry foffes, it is proper to 
have either ramps or ftairs in the gorge of the ravelin, to preferve a free 
communication, fhould the bridges be broken by the enemy’s fhot. 
129. In fome ravelins, (fig. 16) there is conftructed a kind of redoubt, | 
or KEEP, which is a {mall work fimilar to the ravelin, with a ditch of 
about 19 or 12 yards wide. ‘The capital may be about 30 or 40 yards ; 
and the work covered in the faces by a wall of a foot or two thick, fur- 
nifbed with loop-holes for the mufketry to fire through. 

This keep ferves to fecure a retreat for the troops who defend the ra- 
velin, and on this account the defence of the breach in the ravelin may 
be more obftinatcly maintained; and even when the defendants are 
obliged to give way to a fuperior force, they may retire into the keep, and ” 
prevent the enemy from making a lodgment in the outward part of the’ 
ravelin, or at leaft greatly obftruct it; and cannot be driven from this 
place until the enemy has erected a battery, and brought cannon on the 
ravelin to batter the keep. 

The conftru€tion may be otherwife made by taking the diftance Ba 
. equal to about 20 yards ‘on the gorge of the ravelin, and out of the ret 

forming the keep ie its fofs; the {carp and counterfcarp being drawn 
parallel to the faces of the ravelin, the two fronts of which form a work 
covering the keep, and is ufually called the counterguard, = 6 

128. The ravelins, called by fome authors balf-moons, have fometimes. 
their corners at B and c, fig. 14, cut off, either parallel to the capital 
p A, or at right angles to the fofs, making a kind of flank about 12 yards 
long, with its rampart and parapet. ‘This ferves to give a more dire 
fire along the covered-way, which is meant more particularly to be de- 
fending ; but then it partly lays open the flanks, which the ravelins were - 
originally intended to cover. _ | - 

129. The celebrated General Gochern, in the ravelins which he built 
at Bergen-op-Zoom, contrived a very good defence for the covered-way 
before the faces of the baltions, by making retired flanks’ in the breafts 
of the ravclin, where one or two cannon might be placed as fecure from 
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the enemy’s firg, as thofe behind the orillon-of a baftion. Thefe covered 
cannon in the ravelin feem to have been intended for the defence of the 
covered-way on tbe laft emergency, as thofe im the baftion. were for the 
defence of the breach, when the befiegers brought on the ftorm. But 
the covered cannon in the ravelin feem to have this preference; that as 
towns are not ufually given up until the enemy is mafter of the covered- 
way, the fecreted guns in the ravelin have an opportunity of being em- 
ployed in the ufe E which they were placed there ; whereas the g:ins 
covered by the orillons are very rarely of any ufe, as there are few garri- 
fons which ftand the ftorm of the breach in a baftion. 

130. Coehorn’s ravelins may be imitated by the following conftruction. 


In the gorge of the ravelin take ad, fig. 17, equal to about 20 yards, 


draw the flank dc at right angles to a4, make 4c equal ta about 12 or 14 
yards, and draw the cover cd parallel toad. Tothe flank bc annex a 
Yampart, parapet, embrafures, and ramp; and to prevent thefe flanks 
being raked from the enemy’s batteries, particularly by the, ricochet, or 
bounding fhot, there may be made a traverfe about 10; feet thick acrofs 
the top of the flank at c, with a fmall mine under it, to blow up the tra- 
verfe when the befieged are obliged to quit the ravelin, left ic fhould ferve 
to cover the aflailants from the fire of the town. 

Cochora has al‘o made flanks at the corners d of the ravelin, which may 
be conftruécted by taking ax equal to ro yards, and drawing ve parallel 
to bc, meeting cdind; then de is the Hank required. 

It feems proper, when fuch ravelins are ufed, that the faces fhould 
Spread on thofe of the adjoining baftions 10 or 12 yards farther from the 
angle of the fhoulder, than in ravelins which have no flanks; and this 
is done at Bergen-op- Zoom, where the faces of the ravelins would fall be- 
tween 20 and 30 yards from the angle of the fhoulder on the faces of the 
baftions. 


13I- Of the Counterguard, 


‘A CouNxTERGUARD is a work generally ferving to cover a baftion: 


it is compofed of two faces, furming a faliant angle before the flanked 
angle of a baftion. 


To confruff st. Plate XVI. Fig. 18. 


Having defcribed the ravelins, and drawn their foffes, in the counter- 
fcarp of the ravelin, take a equal to about 24 yards, and draw the face 
bc parallel to the counterfcarp of the fofs before the baftion ; and the 
outline of the counterguard will be determined ; the inner boundary be- 
ing the counterfarp of the grand fofs. 

{n this work put a rampart about 16 or 18 yards broad, with a para- 
pet of fix yards, and annex the ramps and a'barbzt if neceffary: Alio | 
make a fofs of 24 yards in breadth, the counterfcarp being paralicl to the 
faces. | 

The counterguard feems to be, next to the ravelin, one of the moft 
ufeful outworks ; for it o¢cupies but little ground, is of no great ex- 
pence, covers the faces of the baftion fo effectually, that they cannot be 
battered in breach, until the enemy has made bintele matter of this work : 

s 2 an 
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and when he has it, he will meet with difficulties enough in finding earth 
to cover himfelf and erect his batteries ; and muft therefore be at a con- 

~fiderable trouble in bringing it from beyond the fofs, while he is ex- 
pofed to the fire of the faces of the neighbouring ravelins ; which, with 
the flanks of the baftions, are the defences of the counterguard, 


¥ 32. Of the Tenaillon. 


A TENAILLON is a work compofed of a ravelin and two detachea 
works called /unettes, which partly or wholly cover the faces of the ra- 
velin from an enemy’s dircét fire. 

When the detached works cover only the lower part of the faces of 
the ravelin, they are called /mall lunettes: but when they cover the whole 
faces, they are called great /unettes, and this is the work which is here 
meant by the word tenaillon. : 


133 To conflruf? a Tenaillon, Plate XVI. Fig. 19. 


‘ Having defcribed the ravelin and its fofs, the counterfcarp of which is 
rz; inthe face e fcuntinued, take tv equal to about 60 yards, and on 
the counterfcarp of the grand fols take rs equal to 25 or 50 yards; then 
drawing sv, the figure rsutis the great lunette; to which a rampart, 
parapet, and ramps are to be annexed againft its faces ¢ v, and branches 
w s, of the fame kind with thofe in the ravelin. 

134. A great lunette may be confiderably ftrengthened by making 
acrofs its middle, at a, a retrenchment, confifting of a rampart, parapet, 
and a fofs about fix or eight yards broad; and feven or eight feet deep ; 
the parapet being drawn at right angles to the counterfcarp of the ravelin 
avainft the middle of its face ; and the ditch of the retrenchment com- 
municating with that of the ravelin. 

A tenailion is a work capable of affording great defence to the befiegers, 
as was evident at the fiege of Life in 1708, where the befiegers were 
twice or thrice driven out of a tenaillon they had taken and retaken. 


435: Of a Horn-work. 


A Horyn-work is a fortification compofed of two long fides, called 
branches, tending toward the town, and of a front formed by a curtin 
between two halt-baftions. ! . 

This work, when ufed, is fgmetimes put before a baftion, but oftener 
againft a curtin. 

4 


. 136. To confirué? a Horn-work before a Curtin. Plate XVI. Fig. 20. 


In a line drawn from o, the angle of the counterfcarp, at right angles 
to the curtin, take oc equal to about 250 or 260 yards ; through c draw 
AA at right angles to oc, and make CA, CA, each equal to half oc, fo 
AA is equal to oc. : ; zs 
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Take the normal cp equal to } of Aa, through Dp draw the lines of 
defence al; make the faces AB equal to $ aD; transfer.the diftance BB 
from B tc 1 the line of defence, draw the flanks BI and curtin 11, and 
draw the branches Aq toward fome point in the face of the baftion, 
about 8 or 10 yards from the angle of the fhoulder. 

Againft the faces, flanks, curtin, and branches, put a rampart and 
parapet as in the ravelins ; make a fofs of 24 yards in breadth before the 
flanked angles a, the counterfcarp of the fofs m the front being dire@ed 


toward B, the angle of the fhoulder, and the reft drawn parallel to the 


branches. 

A {mall ravelin is ufually put before the curtin of a horn-work, for 
the fame ufes as that before the curtin of the town. Make the capital 
cp about 60 yards, draw the faces as in the large ravelins, and make a 
fofs about 15 or 16 yards wide, the counterfcarp of which is parallel to 
the faces of the ravelin, which are to be furnifhed with a rampart and 
parapet. i 

137. Retrenchments are fometimes made in the horn-work, as in the 
great lunette, and for the fame reafon, namely, to increafe the difficulties 
of an enemy in a fiege. . 

Alfo a ravelin with its fofs is made before the curtin of the town, in- 
dependent of the horn-work, which it commands, ; 

128, There is another work, called a Crown-work, the front of which 
confitts of a whole baftion, two half-baftions, and two curtins, and is 
bounded on the fides by two long branches directed toward the town. 


- ‘This work is like two horn- works connected together, by their branches 


being put fide to fide. 

Horn-werks and Crowa-works have been chiefly ufed to inclofe fome 
rifing or hollow ground, or a fuburb ; but are now in general difefteem, 
on account that thcir defence is very {mall in proportion to their coft, a 
circumftance by which all works-fhauld be partly rated. 

There are feveral other works called.out-works, which may be found 
in the treatifes written on Fortification, but are here omitted on. account 
of the intended brevity of this work. 3 


139. Of the Covered-way and Glacis. 


When all the intended outworks are annexed to the plan, and the fe- 
veral foffes are drawn, communicating one with another, the covered- 
way and glacis are to be drawn parallel to the counterfcarps of the fofles ; 
and a foot-bank is to range quite round the covered-way, at the foot of 
its parapet. ‘The top of this foot-bank fhould be at leaft four feet broad, 
that there may be convenient room left for the troops to fland on, after 
the pallifades are planted, a row of them being always to run quite round 
the covered-way. The manner of fetting them, as recommended by the 
moft celebrated engineers, and particularly by the great marfhal Vauban, 
one of the moft experienced men in military works that ever lived, is to 
put the pallifades om the upper foot-bank about a foot diftant from the 
fdot of the parapet, funk in the ground at leaft three fect, and their top 
on a level with the head or creft of-the glacis. 


Pallifades 
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Pallifades thus placed are not expofed to the cannon of the befiegers ; 
the moft they can do will be only to brufh their points; neither can 
they be eafily jumped over by the troops commanded to the attack of the 
covered-way, nor readily cut down; -and their diftance from the parapet 
leaves a {pace fufficient for men ta go along to repair any diforder. , 


140. Of Places of Arms. 


Piaces oF ARMs in the covered-way are fpaces made at the entering 
and faliant angles, confiderably larger than the ftreet of the covered- 
way, and formed by turning the head of the glacis into two faces pro- 
jecting toward the country; thofe at the faliant angles are formed by 
the roundings of the counterfcarp ; but thofe at the entering angles are 
thus conftructed. Plate XVI. fig. 3. 

In the head of the glacts take the gorges co, co, from 20 to 30 yards ; 
draw the faces a t, of, fo that the angles to a be between go and 100 
- degrees; and parallel to thofe faces draw a glacis of about 50 yards. 

‘The faces ot of the entering places of arms fhould not make angles 
greater than 100 degrees with the branches of the covered-way 0 a, becaufe 
thofe branches could not then be defended fo well by the mufketry, as 
when their fhot was delivered directly along the glacis, nearly parallel 
to the branches, which can only be done when the defences are nearly 
at right angles to the places defended. 

Some writers have advifed to round all the faliant angles of the places 
of arms, becaufe thofe angles could then be defended by more men: per- - 
haps there might be fome advantage in notching the faces fomewhat like 
a redan, as meritioned at Article 69. : 

141. The great Gu borm was fo confcious of the advantage of places 
of arms at the entering angles for the defence of the covered-way, that he 
was very particular in their defcription, and took fuch care in the con- 
ftruction of thofe at Bergen-op-Zoom, that they very well anfwered his de- 
fign, as was evident in the famous fiege of this place in the year 1747. 


Cochorn’s Places of Arms may be thus imitated, 
Plate XVI. fig. 21. where the work is on a larger {cale, to be plainer. 


Take the gorges a b, a, about 45 yards, and the faces 4 ¢, bc, about 
50 or 60 yards. At 10 yards diftance from the faces, draw the fir lu- 
nette A, with a ditch before its faces, both together being about ten or 
twelve yards broad, its ends being terminated by the linea 6. Within 
this, at about ro yards diftance, draw a fecond lunette 8 of about five 
yards broad, its ends ftretching about half-way the breadth of the co- 
vered-way. Behind the ends of each lunette, at the diftance of two or 

. three yards, put a traverfe of about five yards thick, reaching from the 
counterfcarp about two or three yards farther than the ends of the lu- 
nette. And about the angle of the counterfcarp make a fkreen of about 
fix yards in each face and gorge; which fcreen is to be of brick-work 
with loop-holes for the pune to favour the retreat to the defendants 
when driven from their works in this well-contrived place of arms. of 

| 142. 
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142. Of Traverfes th the Covered-way. 


When the befiegers have pufhed on their approaches fo far, as to be 
within 30 or 40 yards of the head of the glacis, it will Se in their power 
to rake the covered-way from fome of their batterics ; to prevent which, 
and alfo to fhelter the troops in fome meafure from the ricochet or re- 
bounding fhot, traverfes are thrown acrofs the covered-way, particularly 
on each fide of every place of arms, and in every branch of the covered- 
way where the length of that branch exceeds §0 or 60 yards. - 

Each traverfe is furnifhed with a foot-bank ; and a row of pallifades 
planted on the foot-bank ; and the paflage round its end fhould be fur- 
nifhed with klinkets or doors, to fhut it up when neceffary. 


143 Of Sally-ways. . 


In the middle of fome faces of the entering places of arms a fally-way 
is made, which is a paflage cut through the parapet, or head of the glacis, 
to facilitate the fallies of the befieged. To make fally-ways in the places 
of arms faliant would be improper ; becaufe as thofe places are the moft 
convenient to be firft attacked, they fhould not by any means be weakened. 

Thefe paffages are cut oblique to the faces of the places of arms, and 
wind toward the faliane angle in fuch a manner, as not to be eafily en- 
filaded or raked; they rife gradually from the foot of the parapet, until 
they meet the flope of the glacis, at the diftance of feven or eight yards 
from its head. The rozds to the town commonly pafs through thefe 
fally-ways ; every one of which would be furnithed with a goud barrier, 
to fhut up againft furprizes and fudden attacks, 


144. Of Communication, 


Every detached work in a fortification fhould have a ready and free 
communication preserved, otherwife they might be difadvantageous to the 
place. ; 

Communications are preferved in various other ways than by-bridges, 
which are liable to be deftroyed by the enemy’s cannon. In dry feffes it 
is thus : 

From the town to the tenail, by a fubterraneous way under the rampart 
in the middle of the curtin into the fofs, and rifing thence by ramps or 
ftairs into the tenail: from the tenail by a fubterraneous way into the 
caponicr, and thence to the ravelin, either by ramps, ftairs, or a timber 
ftage : from the ravelin to the works beyond, the communication is kept 
in like manner; or fometimes a way 1s funk acrofs a ditch, and covered 
with a parapet next the enemy; and the way from the fofs to the places 
of arms is alfo by ftairs, or by a timber ftage. 

Over wet ditches the troops are conveyed by boats, or rafts, or by 
little bridges about three feet wide lying nearly level with the water’s 
edge; but the latter are inconvenient in the night, and much more fo 
when the defendants are obliged to quit the work prectpitately. 

In the gorges of ravelins and other outworks, a fpace or paflage five 
or fix feet wide is left between the counterfcarp and the end of the ram- 
part, which ferves for the communication between that work and the co~ 


vered-way, : 
When 


4 


~ 
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When wet foffes are to be reprefented in plans, it is done by givin 
_ thema tint with diftilled verdigrife along the borders of their {carps and 
counterfcarps ; but: in printed plans it is expreffed as in the ditch of the 
ravelin at fz. 1§; and dry ditches are {hewn in coloured plans by wafh. 
ing the faid borders with a tint of brown bifter ; but in prints dry foffes 
are exprefled as in the ditch of the ravelin at fig. 14: And a cuvet is re- 
prefented. by a double line drawn along the middle of the fofs, as azainft 
the front BB of the polygon. — | 


145: | Of Works beyond the Glacts. 


Sometimes, when earth is wanting to raife the feveral works fo their 
proper height, or when the defence is to be inereafed, a fofs about 20 or 
25 yards broad is funk at the foot of the glacis, encompaffing either the 
whole or fome convenient part of it, But then it is proper that the glacis 
fhould flope quite to the bottom of this fofs, if it is a dry one, or a wet 
one which can be drained; for othérwife, when the enemy comes to be 
pofiefled of it, he would find a trench ready dug to fkreen. him from the 
fire of the covered-way, and other places. - . 

To this advanced fofs is ufually annexed, when it can be, a covered- 
way‘and glacis; and there are not wanting. fortifications, which have 
three covered-ways and glacifes one before the other, 

146. Before fome of the faliant angles of the glacis there are fome 
times conftructed a kind of work, called a /unetie, or by fome an arrow, 
It confifts only of a parapet and foot-bank forming two faces, making 
a faliant angle, the legs of which are parallel to the head of the glacis, 
through the ridge of which runs a narrow fpaflage to the lunette. 

147. Sometimes works called redoubts are conftructed before the fa- 
Niant angles ; fome of thefe works have fofles, covered-way, and glacis; 
others are made to depend on thcir own defence; but to all thefe de- 
tached works a proper: communication muft be preferved with the co- 
vered-way, and in fuch a manner as not eafily to be cut off.. When this 


paflage is two or three times as long as the glacis is broad, the paflage. 


fhould have one or more traverfes acrofs it, to prevent its being raked ; 
alfo, on-either fide, it fhould be covered by a parapet and fmall glacis, 


148. mS Of Prafiies. 


The ProFite of a work is a figure expreffing the feveral heights, 
depths, and breadths of that work. : 


The profiles of works are regulated according to their ufe, and alfo ac~ 


cording.to the quality of the matcrials with which thofe works are to be 
made. 

Thus .the ramparts of the town are ever thicker than thofe of out- 
works ; the pei of the parapet only remains nearly the fame in moft 
works: befides, a rampart made of good firm earth need not be fo thic 
as one made of loofe and fandy materials; from 20 to 24 yards willdo 
in the former cafe; but lefs than 25 or 30 yards will not fuffice with 


poor earth. 
| Profiles 
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Profiles are alfo regulated with regard to the expence intended to be 
beftowed on the works ; that is, according to the outfide coating or wall- 
ing of the rampart and parapet, namely, whether it be done with earth or 

ta intire mafonry, or half one and half the other. 
| 149. When a work of earth is raifed; and the furface is covered or 
plaiftered with a tenacious fubftance made of well-tempered earth or loam; 
this coating or plaiftering is called placcage or crufting. 
’ And when the furface is covered with grafs turf, or, as it is moft com- 
mon, with clods of fat mould cut in the form of wedges, and called ga- 
Z | zons or fdds, this kind of coating is called gaxonage or fadaing. | 
af | 150. When the whole front of a work, from the bottom of the fofs 
to the crown of the parapet, is covered or fronted with 4 wall of ftone or 
brick, this kind of work is called entive mafonry. 

151. When the front of the rampart, from the bottom: of the fofs to 
the horizontal line, or ground level, or a little higher, is fronted with a 
wall of brick or ftone, and the remaining part of the front is coated with 
earth, the work is called half majonry. 


Conftrubtion of Profilés: 


152. When the works are coated with earth. Plate XVI. fig. 22. 

Let AHLQ reprefent the horizontal, or ground line, taken through the 
face of a baftion, and acrofs the fofs, and through the covered-way and 
glacis: in this line take the following meafures; namely, - 

AR==3 or 4 yards; R ¢c=10 yards: c d=6 feet; de=1i feet; eg= 
18 or 20 feet: g a=12 or 34 feet; aH=9g feet; H/=12 feet; m= 
breadth of the fofs ; # L=12 feet; L M25 yards; Mp7} feets pq= 


50 yards. . 
Through the points R, ¢, 4, ¢, gy 4 m, My p, draw lines perpendicular 
t 


Oo AQ. 
in thefe lines take R B=3or gyards; ¢ Co RB+2 feet; dr—cec+1F 
feet; eF=d B+4} feet; g Garc F——2 feet; / 318 feet; m k=18 
feet; Mo=2 feet; p P=8 feet. 
Draw the lines Ar, BC, EF, FG, G a, HI, KL, L6,PQ, Then draw 
ED parallel to Au, and equal to 3 feet, and draw Dc; alfo difpofe of the 
_ fpace between o and Pp, in like manner as between c and F. 

. Then will the feveral parts of the profile be completed, and repre- 
fented; namely, BA the inner, and G a the outfide, flopes of the ram- 
part, to which sc is the walk; Fe the infide, and FG the crown of the 
parapet; Cp the flope, and pe the top of the foot-bank ; a H thé berm 

! or foreland ; Hi the {carp ; KL the counterfcarp, and 1K the bottom of the 
| ditch; 1.M the covered-way; oN the flope, and No the top, of the 
(a, . foot-bank ; op the infide of the parapet, and Pq the flope of the glacis. 
‘The pallifades & are put on the top No of the foot-bank. 

153- In ramparts coated with earth it is ufual to fet a row of pallifades 
in the front of the rampart, as at 4, about five or fix feet below the crown 
pf the parapet. Thefe are not ‘planted upright, but nearly horizontal, 
the point dripping a little below the level ; and this work, which is called 
fraifing ot fiaccage, is done to prevent furprizes by fcaling, and alfo to 
hinder defertions, | 


‘ | | | 154. In 
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1$4. In moft ramparts coated with earth, whether of the town or out- 
"works, it is ufual to plant on the berm, either a row of upright pallifades, 


as at f, or a quick-fet hedge of thorn, which fhould be kept conftandy — 


cut, to make it grow thick: either ef thefe methods ferves to cover the 

troops in going their rounds. Sometimes both pallifades and hedge are 

ufed, the hedge ftanding foremoft. | : 

- The faliant angles of all earth. works fhould be rounded off ; otherwife 

the weather would foon deftroy the anguiar edges, and make them look 

worfe than the other parts, ° 
1§5. When the coating of the work is entire mafonry. Fig. 23. 

Having determined all the parts through the rampart to the line Gg, 
as at Art. 152; in Gg take Gi=*3 or 4 feet, for the upright face of the 
parapet 3 on 1, with the radius of one foot, defcribe a femicircle repre- 
fenting the cordon, which is a large femicircular moulding that ranges 
along the whole front; take gr equal to 18 feet, and draw rcs t parallel 
to the ground line, and this reprefents the bottom of the fofs. Take re 
and its parallel 1a, each equal to § feet ; draw the fcarp 1c, and draw a5 
parallel to Gg, which continue to about 6 feet below re, and this | ne 
reprefents the back of the wall; through 4 draw a line 6dm n parailel to 
the ground line, and this reprefents the bottom line of the foundations, 
which is ufually about 6 feet below the bottoms of the foffes ; though in 
forme cafes it muft be more ; and let the foundation line 5d proje& about 
2 feet before the fearp line rc. Draw a line about 3 feet behind the front 
line of the pafapet @ 1, parallel to it, which will reprefent the thicknefs 
of the front wall of the parapet; to which muft be annexed, ato, a 
little projeGtion, of about 6 inches in fally and height, to exprefs the 
coving Aone and the outlines of the profile of the rampart will be 
completed. : 

156. From the directions already given, it will be eafy to conceive 
how to regulate the profiles of out- works, whether they are to be fronted 
with turf or m.fonry 5 and according to Art. 155, where the other pro- 
files of the mafonry annexed in the figures 24 and 25; that of 24 being 
a tenail before the curtin, of which no more than the parapet rifes above 
the ground level ; and confequently the walls to fupport this work need 
mot be fo thick as thofe are, which fultain the lateral thru(t of higher 
banks ; and for the fame reafon, the counterfcarp walls are of a lefs 
firength. In the ravelin, fig. 25, the front is half mafonry, or the wall- 
ing i¢ carried up to the ground level, and the front of the rampart and 
parapet is fuppofed to be coated with earths but the walling in this cafe 


fhould proje&t about 2 or 3 feet below the foot of the rampart, in order - 


to preferve a proper berm. 

487. The walks of all ramparts, and alfo the covered-way, fhould 
flope backward, in order to carry off the rain ; this floping may be about 

half an inch, or an inch in a foot. 

158. The {carping ufually given to earth facings is about 8 inches 
,,on 12, or thebafe of the flope is 5 of the height; and the fcarpings ge- 
nerally allowed to.fronts of mafonry is, about 4 or 4 of its height; and 
with regard to the thicknefs of the walls, Mr. Vauban ufually allowed 
about 5 feet at top, and gradually thickened toward the bottom by their 
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fearping of x foot in § of height; and this profile he has experimented 
jn the works of 150 towns, where he has dire&ted the building of more 
than 4000000 of cubic yards of walling. But in order to add a greater 
ftrength to his walls he places buttreffes, built of rough ftone, at diftances 
of 18 feet from one another on the infide. Thefe buttreffes are in length 
about the thicknefs of the wall at the bottom, and their breadth on a 
mean, about half their length; and they are carried up as high as the cor- 


_don, which greatly contributed to take off the thruft of the bank againft 


the wall. | 

159. At the flanked angles of ,baftions, and other works, the parapet 
fhould rife about a foot or two higher for about 12 or 14 yards on either 
fide the angle, than aiong the reft of the faces, and the fame fhould be 
obferved for about 4 or 5 yards on each fide of the more expofed faliant 
angles of the covered-way : for by thefe means, the troops ranged along 
thofe faces will be fgmewhat better defended from the ricochet, or bound- 
ing fhot. 


160. Of Irregular Fortifications. 


When a town or other place is to be fortified, it generally happens 
thes the polygon which beft circumfcribes its plan will be very irregular, 
and confequently the fortifying of that polygon will not fall under the 
rules already given for regular fortification : itis therefore proper to point 
out to a learner how he may proceed on fuch occafions. 

161. Let the plan of the place be circumfcribed, if.poffible, by a po- 
lygon, the angles of which are all faliant, none lefs than 60 degrees, nor 
much greater than 120; and none of the fides Iefs than 200 yards, nor 
greater than 350. ‘I his polygon, which is to be the interior one, fhould 
have its fides not lefs distant from the houfes than 50 yards ; and the for- 
tification.is to be made from the interior fide. ~ 

‘Through every angle of the polygon draw a line bifecting it ; and on 
thefe-lines, continued without the polygon, lay from the angular points 
the capitals, (in the ‘Table, Art. 86) of thofe polygons, the angles of which 
are nearcft to the angles in the given irregular polygon. Alfo on each 
fide of the capital, from the faid angles, lay the demigorges, correfpond- 
ing to the capitals ufed on the fides of the polygon. . 

Then the lines of defence being drawn, and the correfponding faces 
Jaid on them, the maffer-/ine of the fortification to the given irregular 
polygon may be readily completed (as in Art. g1) 3 to which the rampart, 
fofs, and proper out-works, may be annexed, as before fhewn. 

162. In circum{cribing the given place with a polygon proper to it, if it 
fhould fo happen, that the fides, when drawn at the diftance of 50 yards 
from the houfes, make a polygon very different from that above directed ; 
then muft the pofitions and lengths of all thofe lines, or of fome of them, 
be changed, and various ways tried, when the fituation will admit of 
thofe various trials, until one is hit upon which -will fuit the place and 
come near the forefaid limits, which mav be done by enclofing a larger 
fpace, and permitting the fides of the polygon to run farther from the 
houlcs in fume places than §@ yatds. And although by thefe means the 
fortification will be more extended, and thereby occafion a greater ex- 
pence both in building and defending ; yet as by its nearer approach to 


regulacity, it will be itronger in itfelf, and mage effcQually anfwer the end 
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of fortifying, the latter confiderations may, on fome accounts, be pre- 
ferred to the former. ; 

163. It fhould be obferved, that regularity is not confined ftrilly to 
fuch polygons only as can be circumfcribed by a circle, or nearly fo; for 
a polygon infcribed inan oval kind of figure will have a great regularity, 
and may be made almoft equally ftrong, by putting the ftronger kind cf 
out-works at the narrow ends. For as thefe ends, on account of their 
{mall breadth in proportion to the Jonger fides, cannot flank the. ap- 
proaches of an enemy fo well as the longer fides, and as the enemy is not 
under a neceffity of extending his works fo much; confequently the 
{maller ends may be more advantageoufly attacked, and theretore fhould 
have their out-works ftronger. . : 

164. If the fituation is fuch, that one or more of the fides of the cire 
cumicribing polygon cannot by any eafy means be made lefs than 400 
le or more ; then fuch fides fhould be divided into parts of fome nume- 

er of yards, between 200 and 350, as many as its length will admit of, 
which may then be confidered as compofed of fo many polygonal fides. 
At every divifion, make fuch a baftion as the limits will admit, taking 
care that the faces of each are commanded by the adjacent flanks of the 
next baftions, ; oe. 

165. When any of the angles become too acute to make in. that place 
a whole baftion, the angle may be diminifhed only on one fide, making 
there a half baftion, and Jet the other fide be either left as one line, or 
make two or three {mall flanks in it, in the nature of a redan (71); ob- 
ferving that the whole front is commanded by the flank of the next baf- 
tion. Os fhould the angle be too fmall even for a half-baftion, then both 
fides may be fortified in the manner of redans, and commanded from the 
flanks of the next baftions; but, in the cafe of thefe acute angles, the 
angular point fhould be made very folid, and the fides about fuch angle 
f{horter than the others. : 3 

166. Should the polygon have one or more entering angles, which can- 
not be avoided; when that angle is near go degrees, and the adjacent 
fides do not cach exceed 250 yards, thofe fides, with the affiftance of the 
flanks of the next baftions, will very well defend one another, and alfo 
the entering angle: but fhould the angle exceed 120 degrees, then put 
_ againft that angle a work like a baftion, if it can be; or if there is not 
room for the projection of the flanked angle, make but one face, obferve 
ing that it be raked from one of the adjacent flanks. 

167. A town that has been fortified in the ancient manner, and has 
already a good rampart and fofs, may be put into a good ftate of defence 
again{t the modern metiods of attack, by adding outworks fo difpofed as 
to cover the town wall, be mutually defended by one another, and com- 
manded from the ramparts of the town. Such a place, with the out- 
works judicioufly difpofed, may hold out as many days. as a place formed 
on a regular plan, which has been evinced from the good defence made 
by feveral towns fortified in this manner. 

168. There is a multitude of other things that might be faid on the 
bufinefs of irregular fortification, which, on account of the defigned bre- 
vity of this tract, muft be omitted; but after all, the beft notions are ac- 
quired in thefe matters from ftudying the plans of the fortified towns in 
feveral parts of the world, Collections of thefe plans may be met with 


‘at moft print-fhops. — 
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P A RT It 
Of Marine Fortifications. 
SECTION JI: | 
Of the kinds and properties of Harbours: 


369. A Harsour or Port is an opening or inlet into the land, 
into which the fea runs with a depth ef water fufficient to float fhips, and 
where fuch veflels may lie fecure from tempefts and the fea. 

_ Asharbours may be of very different forms, fo there may be a multi- 
tude of ways propofed for their defence; but here the bufinefs will be 
confined to a few of the more common fituations, 

Harbours in general may be diftinguifhed into two kinds, namely, ar- 
tificial and natural. . 3 

170. Artificial harbours are fuch inlets of the coaft, as are rendered 
fafe for fhippirtg to ride there, by building about its entrance certain 
works called Mo es or Prers, which defend the fhips within from the 
furges of the fea without. When the moles or piers can be brought fo clofe, 
as to be fhut up by fuzces or gates, the harbour is then called a BAson ; 
but the inner part of a harbour, where the fhips ride in {till water, is 
ufually called the da/on. | 

. All artificial ports of thefe kinds are eafily fortified by building on the 
moles or piers, batteries, redoubts, or forts, which command the entrance 
into the harbour; but as thefe works are ufually done at the time when 
the moles are made, there need be no more {aid of them in this work. 

- 191. Natural harbours are thofe where the natural figure of the land 
forming them is fuch as contributes to the fafety of the fhipping, by 
fheltering the veflels from the fury of the fea; and this happens in 
various manners, as by a fhoal lying off the harbour’s entrance, which 
breaks the waves, and keeps the water itill within; or by the pojats of 
land which form the harbour’s mouth, ftretching themfelves fo far into 
the fea, and coming fo near one another, that the furges are broken at 
their entrance ; or by a narrow inlet that runs into the land for a confi- 
derable way, where the fhores near the entrance receive the fhock of the 
waves, and render the upper parts {mooth enough to anchor in, of which 
kind are navigable rivers ; or bya large deep bay, where iflands, or others 
obftructions, contribute to render a part feeure for the riding of fhips at 
anchor, &¥c. &e. ; | 

172. ‘The properties of a good harbour are, a fufficient depth of water 
for large fhips to enter at any time, whether the tide be in or out; good 


’ offing, and an eafy accefs out of all danger from the winds; free en- 


trance, without rock or fand-bank ; the entrance not too wide to be eafily 
barred and defended upon occafion ; not fubje@ to overflow, and where 
fhips may lay clofe to the keys; where the veflels are fheltered from all 


‘ winds:‘by the high mountains elas the harbour, and from which 
] 


there is an extended view of the fea; laftly, that the thipping there be in 


no danger of being fet on fire, bombarded or cannogaded from fea by the 
173. There 


fhips of an enemy. 





J 
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173. There are many places in which thips anchor, that lie open ‘to 
the fea, and dre fafe to ride in only when the weather is calm, or whep 
particular winds blow ; fuch anchoring places are called roads. ; 


| SECTION I. 
Of the fortifying of Roads and Harbours. 


- 1974. First Sort. /¥hen a town ies open to the fea upon a curved or 
Straight bold fore, and bas before it a fufficient depth of water and good an- 
chorage, within gun-fbot of the fhore. As fuch places can afford fhelter for 
fhipping only at certain times of the year, wren they are generally fure 
to have calm weather, or gentle gales, in which veffels may fafely ride at 


‘ anchor, they cannot fo well be fecured from the attack of an enemy, as 


places more inclofed. However, the fhipping lying there during the 
feafon of trade, may be well defended by forts built near the water’s edge 
on each fide of the anchoring place; fuch forts being fo contrived as to 


_Mave two or three batteries, one higher than the other, furnifhed with 


many cannon, carrying fhot from 24 to 48 pounds, will awe the thips of 
an enemy in general from undertaking any thing againft the veffels that 
are lying in that road. 

175. But in order to defend the town itfelf, there fhould be a rampart 
or wall, well flanked, built along the fhore, befide the fortifications on — 
the land fide.. The works along the fhore fhould be carried fo near to 
the water’s edge, that were any troops to land- under the cannon of a 
fleet, they might not find any ground to entrench themfelves on. 

176. Forts built on a bold fhore, te which fhips of war can come 
within mufket-fhot, are in general liable to be eafily taken, unlefs fome 
precautions are ufed. For as the batteries on fhore are feldom raifed 
much above the water’s level, in order to be more certain of their mark ; 
the troops pofted at the guns are liable to be commanded by the marines 
quartered in the round-tops, and other elevated parts of the fhips.s Hows 
ever, this may be prevenied, cither by driving feveral rows of piles 
Sade are long pieces of timber, or the bodies of trees, pointed, and 

od with iron at one end when neceflary) in the water before the fort ; 
or by fixing along the battery a kind of jhed made with planks of mufket-= 
proof, and covered with raw hides or earth, that they may not be fet on 
fire by combullibles thrown from the fhips, Thefe fheds are conve-~ 
nient not only to preferve the troops pofted at the guns from mufket~ 
fhot, during the time of an attack; but they would alfo preferye the 
cannon and carriages from the weather at all times; for the expence of 
a few rough planks, ufed now and then to repair fuch fheds, added to the 
firft coft, might, perhaps, in a length of time, be found of le{s expence 
than the gun-carriages they would preferve; and fhoyld it turn out 
otherwife, the framing and planks might be prepared in time of peace, 
and fet up only when there are apprehenfions of an attack ; but care 
fhould be taken to fix them fo, as to be leaft expofed to the cannon from — 
the fhips. !n fuch fheds, as they would be open behind, the fmoke 
would be fon diffipatea, and might be fooner thrown off by making 
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holes in the fhed over every gun; which holes may be covered by a fhore 
plank raifed betore them. 

377. SECOND Sort. When a harbcur, being a bay, has a fhoal or fmall 
tfland lying before its entrance: Such a place is fortified by building a 
trong fort on the ifland, in a place where it can command the entrance 
on both fides, when the fize of this ifland is net too large for this pur- 
pofe; but when the mouth of the harbour, and the extent of the ifiand 
is too large for one fort on the ifland to guard the entrance, then two cr 
more forts fhould be raifed in the moft commodious places that command 
the avenues to the bay. 

178. Befide me forts raifed on fuchan iffand or fhoal before a har- 
bour’s entrance, there fhould be others raifed on the moft convenient 
points of land forminz the mouth of the bay ; which will make the de- 
fence of the paffaze more fecure, fhould the fhips of an enemy pafs the 
advanced defi nces. 

179.. When forts are thus built, it is not enough to contrive them in 
fuch a manner, that their batteries may annoy the fhipping which attempt 
a forcible paffaze ; but they fhould be alfo carefully fortified to refilt ate 
tempts from an enemy afhore ; for fhould this be nevleéted, a body of 
marines, or feamen, landing on the ifiand or plece where the battery or 
fort is, would fruftrate the intention of fuch fortifications or defences, of 
which there are many inflances to be met with in hiftcry. 

180. As there may be feveral fpots or points proper to ere& the de- 
fences on, and which may command the entrance of the harbour in the 
manner defcribed above, it is of importance to know which will have 
moft advantages and feweft difadvantages ; for both circumftances are 
to be brought into the account, and that chofen which has moft of the 
former and feweft of the latter. ‘Thus the foil fhould be the firmeft 
and moft capable to bear the cannon and building to be ere&ted. The 
ground of a height fufficient to be out of the reach of tides and flocds, 
and not much higher than is barely neceflary to avoid thofe inconve- 
niences 3 for the cannon commands beft when near the water's level. 
The place fhould be difficult for an enemy to Jand in its neighbourhood ; 
and if Janded, where they may be moft ificommoded in their march ta 
the fort—whcere fuccours may eafily approach—where the troops on duty 
may without much trouble obtain the neceflaries of lift—and where there 
are the feweft noxious exhalations. 

When the moft convenient place for a fort or battery is chofen, the 
next thing to confider is, whether the werk is to be temporary or perpe- 
tual ; that is, whether the work is to ferve only for a prefent emergency, 
or to be kept in repair under a probability of its being frequently at- 
tacked; and whether the work be temporary or perpetual, it is neceflary 
that it be fuited to the materials at hand, or that can be procured with the 
leaft trouble and expence. 

181. It may frequently happen, that in fuch fituations the paffzge 
between the ifland and main is rather too wide for cannon to com- 
mand acrofs; therefore, if the place is of fufficient importance, there 
may be many ways contiived to remedy this defect, when it is poffitle 
to be avoided. The beft are thofe which oblige fhipping to keep in 
one tract or channel; and when this can be accomplifhed, either by 
finking old fhipping, running out moles, or contriving to form fand- 
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banks or fhoals, or by any other means that the fituation of the place 
can furnifh ; forts alfo or batteries may be advanced fo far into the water, 
as to command that channel; or if the paffage cannot be reduced to lefs | 
than two channels, then a fort fhould be erccted, if poffible, between 
them. 

182. In the building of thefe works great care fhould be taken, that 

the foundations are laid fufficiently firm to fupport the fuperftructure ; 
and as thefe places are generally low, cither in marfhy or fandy fituations, 
a great number of piles fhould be driven into the foil, to the depth of 19, 
20, 30, or more feet, according as they drive with more or lefs difficulty. 
If a quantity of fuch piles be driven, at the diftance of 12 or 18 inches 
from one another, over the place intended for the foundation, and the 
tops of them be cut level fome feet below the furface, a floor of timber 
may be laid over the tops of the piles, and the building raifed on it. 

183. THirp Sort. When the harbour is in a bay, and the points which 
form the entrance firetch ints the fea, and approach one anobher within cannon 
foot: Such a harbour is fortified by building on both fides of its entrance 
one or more forts; and if it is poffible, let a fort be a!fo buile within the 
harbour’s mouth, in fuch a manner, that its cannon can rake the fhip- 
ping fore and aft as they come in; for this would be a good referve, 
fhould an enemy’s fleet force their way between the forts which com- 
mand the entrance. If there is no proper fpot for fuch a fort, let others 
be erected on the moft convenient points, that command the turning te 
the right and left within the mouth of the bay; for by thefe means an 
enemy will be obliged to endure a kind of running fire, which, if the 
forts be well conftructed, he will fearcely be able to fuftain. 

184. FourtH Sort. /hen a barbour is formed by a clufter of iflands : 
Such a harbour is not difficult to fortify, when the channel between the 
ifands is not too wide for the command of cannon from one or both 
fhores, the directions how to place the forts in the foregoing cafes being 
equally applicable to this. And in places where the channel! is more 
than cannot-fhot from either fhore, the fhipping that can ride there 
muft depend upon the batteries afhore, as in the firft cafe, when the fhore 
is bold enough for the fhips to run under the cannon. 

185. FirtH Sort. When the harbour lies in an inlet or river fome miles 
absve its mouth: If the paflage to the port lies ftraight, and can be com- 
manded from fide to fide, a fort built at each point of the entrance, and 
two others between them and the harbour, but not oppofite to one an- 
other, unlefs the width of the channel requires it, will, in moft cafes, be a 
‘proper fecurity for the fhipping in fuch a harbour. And when the chan- 
nel or river is winding, the forts fhould be built where they can command 
a reach at healt; or be fo placed at the bends, as to command two ad- 
jacent reaches ; for as veffels muft tack near the forts fo placed, they will 
‘at thofe times be more under the command of the batteries, than they 


would be when failing by them ona dire@t courfe. 

In the difetions for placing forts in this, and the other cafes, there 
has been no mention of the figure, in which it wauld be moft proper to 
conftruct them ; for the engineer, who has the charge of fuch works, 
generally does, or fhould take care to adapt the figure to the fpot; but 
for the fake of the mariner, it was Judged proper to point out the methods 
ufually takenon fuch ogtalions. ~~ 7 
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186. Of the Figure and Size of Forts. 


_ Befide the forts defcribed as redoubts (Art. 68, 70), there are many 
other:, {uch as {quares, pentagons, hexugons, or the halves of thefe 
figures, which are fortified with entire b:ftions, by nearly the fame kinds 
of conftructions as are the polygons inthe table, Art. 89 ; only the mea- 
fures of the extertor fide, normal, and face, are much lefs than thofe for a 
town, and ufually near the following numbers: 

Make the fide or front about 180 yards; the normal one-feventh, or 
one-fixth of the fide ; and the face-about twice the normal, or a little lefs ; 
with a ditch, if neceffary, about 20 yards broad ; a rampart broad enough 
for a platform, and a parapet about 12 feet thick. 

The exterior fides of forts may be confiderebly lefs or greater than 
180 yards, even between the limits of 60 yards to 209, according to the 
‘fize of the fpot on which it is to be built, and the importance of the 
place it is to defend; for it would be a great abfurdity to build a large 
expenfive fort to fecure a harbour or port of little more ufe than as a 
fhelter to a few fithing-boats ; or, on the contrary, to build a fmail trifling 
work to guard a haven, where many fhips of the utmoft importance are 
laid up, or riding at anchor. - : 

It is not always neceflary, or even conVegient, to make thefe forts on 
figures perfectly regular; for the fituation may require fome of its fides 
to be fhorter than others : neither is it secellaiy that the figures thould 
be fortified with baftions, or half-baftions, at the angles; for there are 
many cafes, in which it will anfwer the purpofe equally well, or even 
better, to make a baftion on the fide of a figure toward the middle 5 but 
then the faces of the baftion fhould be fo drawn, that they may be raked 
from the extremities of that fide, by a defence of at leaft 10 or 12 yards. 

In many cafes there needs no other than a dire& defence from one, two, 
or three contiguous batteries, making one, two, or three fides of the 
figure given to the fort, {uitable to the fhore. . 


? 


187. . OF proper Forts, and their Difpofttion. 


If the place on which the fort is to be built is a {pot furrounded with 
water, forming a channel on both fides, the figure is to be difpofed fo as 
to have one or two of its fronts turned toward each channel, by which 
means the batteries in the flanks will fcour both up and down the ftream, 
while thofe in the faces and curtins command the paflaze dire@ly before 
them. © That part to feaward may either have a front extended along it, 
or have one of the points of the figure dire€ted that way, according as it 
may be judged moft convenient 5 and if before thefe fronts there is any 
place at which an enemy can land, ‘then one or more batteries fhould be 
fo formed, that their guns may be brought to bear on that landing place ; 
and if this be thought not fufficient, a {mall outwork fhould be built near 
that place, to make the landing more dangerous ; and on account of the 
convenience of landing, the fort fhoyld be furnifhed with a ditch 
covered. way, and glacis: the part next the harbour will be fufficienly 
fecured by a line thrown up properly flanked, Should the fituation be 
on a rock, where there is no danger of an enemy's plies, a good line, 
capable of COnETIDE the troops and cannon, will fufligt. Jf there svi 
| : 7 *  ” a& chon 


+ 








Ba TE OR et 


FLA Cag wa Ye SLs 


MARINE: FORTIFICATION. $9 


@ channel on one fide fit for foipping to pafs through, that fide fhould be for- 
tified as in the former cafe; and left the enemy’s boats fhould get through 
on the other fide, it fhould be alfo put in a ftate of defence: but here a 


‘Might redan, furnifhed with a few pieces of fmall cannon, may be tound 


a fufficient defence againft the boats. ° ° 


188. When a fort is built on a point of the main, the kind of difpofi< | 


tion ufed in the foregoing cafe, next to the channel, will alfo obtain in 
this: but it is neceflary to take proper care of the Jand tide, which 'n this 
cafe is more liable to be attacked than in the former. In the fortifying 
of the land fide, the works fhould be proportioned to the ftrength of the 
enemy that may probably appear before it. For there are many places 
where there is no likelihood of ever feeing anenemy with a ftronger force 


than can be exerted by a fleet of three or four fhips ot war; and as thefe | 


cannot be furnifhed fufficiently for undertaking a regular land-fiege, a 
well-flanked line, with a ditch, if properly defended, will fecure the 
place againft the attacks of failors or marines unprovided with artillery: 
or fhould a few pieces be brought againft the place, their paflage to it 
will be very dangerous, unlefs they can be brought near enough to a@ 
under cover; and to leave fuch a cover, would be an unpardonable over= 
fight in thofe who had the care of conftruCting that fort. But when the 


. importance of a place may bring ‘before it a large fleet, and a land arm 
‘properly appointed, then the fortifications on the land fide fhould be put 


in a ftate capable of fuftaining a vigorous fiege. 
There are many low points on which batteries may be raifed for the 


defence of a channel, over which a lofty (hip may have a confiderable 
- command: in fuch ports, proper traverfes fhould be placed, that the line 


of the battery be not raked by the fhip’s guns. 
189. In the conftruGions of all forts it fhould be remembered, that a 


figure of the feweft fides and baftions that can probably anfwer the pro 


pofed defence, is ever to be preferred, as the works on fuch plans are 
fooner executed, and with lefs expence; befides, fewer troops will ferve, 


and they are more readily brought together in cafes of neceffity. And 


with regard to the executive part of fuch works, enough has been al- 
ready faid, only let ic be obferved that where ftone and brick are {carce, 
and there is plenty of wood, then timber works are to be moft ufed; and, 
on the contrary, ftone or brick earth being plenty, and wood {carce, 
mafonry is to be preferred: and let care be taken never to ufe fea-water 
in the jime, nor ‘to make the parapet entirely of ftone ; for the fplinters 
driven about by the enemy’s cannon, will make it dangerous for the de- 
fendants to continue on their pofts. 
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"SECTION Il. 


190. Of fortifying Harbours by Booms. 


Notwithftanding the forts built for the fecurity of a harbour, or paf- 


fage, there are many inftances that might be produced to fhew that fuch 
forts alone are not fufficient. The great Sir Walter Raleigh fays, “ In 
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this age, a valiant and judicious man of war will not fear to pafs by the 
beft appointed fort of Europe, with the help of a good tide and a 
leading gale of wind; no, though forty pieces of great artillery open 
their mouths againft him, and threaten to tear him in pieces. 

“ Jn the beginning of Queen Elizabeth’s reign, when Denmark and 
Sweden were at war, our Eaftland fleet, bound for Liefland, was for- 
bidden by the King of Denmark totrade with the fubjects of his ene- 
mies, and he threatened to fink their fhips if they came through the 
ftreivhts of Elfineur. Notwithftanding this, our merchants, having 
a fhip of her majefty’s, called the Minion, to defend them, made the 
adventure, and fuftaining fome vollies of fhot, kept on their courfe. 
The king made all the provifion he. could to ftop them on their..re- 
turn. Butthe Miwon, commanded (as I take it} by William Bur- 
rough, leading the way, did not only pafs with little lofs, but did beat 
down with artillery a great part of the fort of Elfineur, which at that 
time was not fo well rampar'd, as perhaps now it is; and the Acet of 
merchants that followed him, went through w:sthout any wound re- 
ceived. Neither was it long fince, that the duke of Parma, befieging 
Antwerp, and finding no poffibility to mafter it otherwife than by 
famine, laid his cannon on the bank of the river fo well to purpofe, 
that he thought it impofible for the leaft boat to pafs by. Yet the 


‘Hollanders and Zealanders, not blown up by any wind of glory, but 


coming to find a good market for their butter and.cheefe, even the 
poor men attending their profit, when all things were extreme dear. at 
Antwerp, pafled in boats of ten or twelve ton, by the mouth of the. 
duke’s cannon, in defpight of them, when a ftrong wefterly wind and 
tide of flood favoured them ; as alfo with a contrary wind, and ebbing 
tide, they returned back again: fo as he was forced in the end to build 
his frockado overthwart the river, to his marvellous.trouble.and charge. 
The fort of St. Philip terrified us:not in the year 1596, when we en- 
tered the port at Cudiz; neither did the port at Punial, when we.were 
entered, beat us from our ‘anchoring by it, though it played -upon us 
with four demi-cannon, within point-blank from fix in the mornise 
till twelve at noon. The fiege of Offend, and of many other places, 
may be given for proof, how hard a matter itis to ftop the paffaze of a 
good fhip, without another to encounter it. Yet it is true, that where a 
fort is fo fet as that of /xgra@ in Tercera, that there is no pafling along 
befide it, or that fhips are driven to turn upon a boweline toward it, 
wanting all belp of wind and tide; there, and in fuch places, it is of 
great ufe and fearful: Otherwile not.” 

since Sir Walter’s time, the Sound has been better fortified, yet in 


3700 Sir George Rook pafled it, notwithftanding the Danith fleet lay 
to impede his paflage. “The actions at Londonderry, Vigo, Porto Bello, 


- Carthagena, and at many other places, are all fufficient proofs, chat nei- 


ther 
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~ ther forts nor caftles can ftop the enterprizes of the brave; and therefore 
it has been judged proper on many occafions, befides forts and batteries, 
to lay booms and other obftructions in a ftream, to fecure the thipping 
there trom the attacks of a powerful enemy. us 


IglI. To lay a Boom. 


Provide a great number of wooden battlings or {pars of about 20, 30, 
or 40 feet long, more or lefs, and between § and 10 inches diameter 
"I"hen moor two boats, having a fheet-anchor in each, in the place near 
once fide of the river where it is intended the boon fhall begin; bend 
two cables to thefe anchors, and round thenygfflace the fpars or poles, 


 frapping on each with rattling ftuff, or betier with four-inch rope, until 


the boom is 7, 8, g, 10, or more feet diameter (according to the hands 
employed), the cables being in the middle; next, with iron hoops ri- 
vetted together, worm the boom, and drive through the hoop a nail inte 
almoift every fpar. After having wrought a good birth for the anchors, 
drop them, and continue the work till it is brought near the other cdge 
of the-river, and there drop two anchors more, with the cables bent to 
them. Then over all lafh the fpare yards and top-mafts with the top. 
chains, fo far as the channel goes. 

To that part of the cable within the boom, over the channel, let two 
or more cables be fattened, and bent to anchors laid down the ftream ; 
over the clinch of thefe cables let battlings or fpars be wrought for near 


ten fathoms down the ftream, that the enemy may not cut thefe cables. . 


Thefe will be ferviceable when the enemy’s thips come ffem/ings again 
the boom ; for if he force it in one place, the. whole will not be opened 
by that fraCture. 

In places where wood is fcarce, and proper {pars.are not to be readily 
had, or in cafes where there is not time fufficient to prepare them, it 


may be found fufficient to woold two cables togcther with old ropes, — 


Jaihing to them the oars, top-mafts, and yards, and worming the whole 
about with iron hoops: and let every part be well payed with pitch, and 
f{inall gravel ftrewed on it while the pitch is warm. A boom {fo prepared 
cannot be.eafily cut. 

It is in moft cafes convenient to have the boom fo contrived, as to 
open at one end for the paflage of veflels ; and this may be done feveral 
Ways, one is to let one end of the cable be clinched to an end of a large 
mooring-chain, the other end floating with a buoy, and this ead fixed to 
the ring of the anchor by a fhackle. Now the chain being loofed from the 
anchor at the ebb with a flack hawfer fixed to it, the boom will fwing 
down the f{tream during the ebb, and upon the flood the boom may be 
relaid, if the enemy appear in fight, which he muft do the firft of the 
tide, for upon the ebb there is no danger of his coming ; becaufe, if thet 
wind be right in, a prudent enemy will not adventure againit the tide, a 
fhip then making fuch wild fteerage ; and thould fhe ground, fhe mutt lie 
there till flood, which may prove fatal to her from the batteries afhore;_ 
_ and againft both wind and tide the enemy cannot come in. On the con- 
trary, fhould the boom be carried up the flood, and the enemy appear at 
the beginning of the next flood, the boom cannot be relaid till the ebb, 
and before that time the enemy may have accomplithed his defign. ir 
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192. If there be good ftore of timber at hand, a /feckade may be made 
by driving feveral rows of piles in the channel before the boom; or 
fhould the depth of water be too great for this work, the trees may be 
‘ufefully applied in making a raft to ride before the boom by good an- 
chors, fo that the cables be made too faft for the enemy to cut them. 
Thefe rafts may be of fingular ufe, by making fires on them, when the 
enemy appears, which will put him into fome confternation, and perhaps 
may caufe him to chop to anchor, and lofe time or his tide ; and this may 
be done each flood, obferving not to have the fmoke drive into the works, 
which might give the enemy too great an advantage. 


t 


193. To lay a Boom ina ftraight Channel. 


Suppofe the wind for the moft part to blow obliquely acrofs the river 
or channel on the ftarboard quarter going up the river, if the boom be 
laid directly athwart the channel, the Thine coming with the tide of 
_ flood, and a leading gale will run ftemlings againft it, and poffibly break 
it by ftriking with a force that comes dire&; whereas, could the boom 
be laid obliquely athwart the river, nearly in a line with the wind, fo 
that the fhip muft take it with her bow, the blow would be diverted by 
the fhip’s cafting : becaufe in this pofition the enemy cannot run ftem- 
lings againft it; for in failing up the river, the thip muft be near before 
the helm; and to bring her head to a boom laid obliquely, the helm 
muft be put down, and then it is ten to one whether fhe come to fo 
nicely as to take the boom: not to mention the miftakes which in the 
confufion may be committed by the man at the elm, and him upon the 
cond, nor the fmoke; for exclufive of all thefe, it may be taken for 
granted, that the fhip would caft along-fide the boom; and then the 
batteries at the end of the boom on the Jarboard fide would rake him 
fore and aft, while the oppofite batteries on the ftarboard fide playing on 
his broadfide with double-round and partridge, muft make a great flaughter- 
among his men cutting at the boom. And fhould he not fwing along- 
fide the boom, but lie ittemlings againft it, the batteries on the ftarboard 
fide of the river, which are to be made above the weather end of the 
boom, will rake him fore and aft, while thofe on the larboard fide play on 
his quarter or broadfide. | 

194- The fhips within the boom, which it is to prote&, fhould be 
moored in a kind of half-moon with their broadfides. flanking the boom. 
And feveral.old fhips, or thofe which are the leaft ufeful, may be funk as 
foon as a fignal is given from one of the forts, fignifying that the boom 
will be cut. For this purpofe, thofe thips fhould hive large {cuttles 
Pie | cut: and for a farther fecurity it would be very proper to have a 
fma]] boom to divert the enemy, that the fhips may be funk in the chan- 
nel before he boards them. 

As to the reft of the fhips, they are left to the judgment of their com- 
_ manders : and if there is no other remedy, the people may get afhore to 
‘windward if they can, and there make the beft defence in their power 
again{t the enemy’s boats and fire-fhips. From duly weighing the whole 
of thefe circumitances it will be found, that the chief ftrength is Ms the 
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- boom; therefore if a double, triple, or fourfold boom were laid, if the 


materials could be procured, and the value of the thipping and cargoes 
were of fufficient importance, it would make the place fo much the 
ftronger, and the enterprife of the enemy more hazardous. _In ftretching 


~ thefe booms, the trouble of many anchors may be {pared by making all 


the cables faft to the firft, and fo let them float in a bight, and by a fmalt 
anchor ride upon the ebb, to keep clear of one another. 


295. To lay a Boom in the Bend of a River. 


From the point formed by a bend ftretched two booms acrofs the chan- 
nel, one toward the middle of the oppofite bight, and the other fo much 
higher, as to lie dire€tly athwart the channel, leaving a kind of angular 
{pace between them. 

Next the point from whence the two booms ftretch, ere€t a proper fort 
or battery to command the channel below and above the bend. 


On the other fide of the river ereét another fort or battery againft the - 


bight a little above the end of the lower boom, and fo difpofed, that its 
cannon may rake the channel coming up, as well as command both the 
booms. 

From fuch a difpofition, it is a great chance if a fhip anfwer her hefm 
fo timely in bearing or loofing about the point, as to take the boom ftem- 


lings, and if fhe {mite it with her bow, fhe cafts; and in either cafe the 


. 


the other. | | 
Let fome old veffels be fitted up for fire-fhips, and placed between the 


will be raked fore and aft by one fort, and have her broadfide battered by 


two booms; from each fhip let two hawfers be carried afhore, one on each . 
. fide, and fixed to crabs or capftans fet up; fo that as foon as the enemy 


has paffed the firft boom, thefe hips oe fet on fire, and heaved in their 
way, nothing can hinder the enemy’s deftryction. As foon as fire is fet 
to the train, the boat may pull.afhore under covert of the fhip without any 


apparent danger ; for fuch will be the enemy’s confternation, that they wi 


foon leave firing. The hawfers may be faftened to clamps below the 
water-line, that they be not burnt, nor in fight of the enemy to cut them. 
If the fire-fhip is clapt aboard the weathermoft fhip, they may be both 


. 


heaved together aboard another to leeward. | 


The fhips to be defended, may be moored in a half-moon, with their | 


broadfides fo laid, as to batter the enemy when he attempts the boom: 
and if other works than what are here direGted be judged neceflary, they 
muft be adapted to the fituation of the place. 

196. When no ftrong attacks by land are to be ‘feared, the mooring 
of thips behind a point is beft on account of laying the boom. Now 
fhould the boom be forced, which muft be upon the flood, a fire-fhip, 
inftead of falling on board a fhip thus moored, will, by the tide, be bus 
ried beyond her; and if the place be any ways favourable to the fhips 
moored there, it will be found impracticable to board a fhip thus moor- 
ed, with fuch a wind and tide as the enemy muft have to break the boom, 
unlefs he expofe his boats in carrying out an anchor to warp over, which 
will be a very dangerous attempt; or fome unaccountable accident in- 
tervenc. ; 
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197. It may be objected that fhips thus moored cannot bring their 
broadfides to bear upon the enemy when coming-to force the boom; and 
that they may be battered by the enemy over the point. ‘I’o this it may 
be anfwered, firft, It is no matter whether the broadfides do bear or not, 
for perhaps it might be the beft way to get the guns afhore, if there is 
time, to be there ufed; and to put the fmaller fort only on the lower 
deck, and turned to flank the boom. Secondly, The enemy will have 
but an uncomfortable Jirth in lying to batter the fhips over the point, as 
they will have to deal with the bre from the fortifications afhore. Whatis 
here {aid, is only to be underftood when five or fix fhips are to be de= 
fended ; for the wake of a point would not hold any confiderable fleet. 


198. Maxims to be obferved in fortifying a harbour and mooring the fa:p- 
ping in it. 


I. Let all the land-marks be removed that may dire the enemy’s 
fteerage into, or up the river or harbour, when there is a probability of an 
attack. 

II. Choofe fuch a place, if poffible, for ereCting the works on, as cannot 
be laid under water, cither by hafty rains, or by any art of the enemy. 

HI. Let the eminences which command the works within cannon- 
fhot, be fecured by erecting {mall forts on them, furnifhed with {mall 
cannon. 

IV. All woods within cannon-fhot of the fortifications are to be cut 
down, and the timber employed about the works. 

V. Secure a fpring of frefh water by a fort and proper guard. 

VI. Take all the buoys from the anchors that ride the booms, that 
the enemy may not trip them. 7 

VII. Let the powder and other munitions be feparated and kept in 
different places, that if an accident -happens, the whole may not be de- 
ftroyed. 

i]. The fhips fhould not be pofted near any town or village, unlefs 
they are intended to cover that place, or the thing be unavoidable; left 
the fhot and bombs which mifs the fhips deftroy the town. 

IX. The fhips fhould never be moored before the fortification. 

X. Moor the fhips fo as to rake the enemy fore and aft when he bat- 
ters the works. 

XI. Let not the fhips when moored touch one another, that the ene- 
my may be obliged to burn each fhip fingly. | 

XII. Unrig the fhips, and ftrip the fhrouds from the maft-head, that 
the grapplings of fire-fhips may have no hold. 

XIII. Let the fails be carried afhore for tents, and moft of the gun- 
ner’s ftores ; that if the worft happen to the fhips, there may be ftore of 
ammunition for the forts. 

XIV. Unlefs the cargo be afhore, let not the chefts nor clothes of any 
perfon, from the captain to the fwahber, be carried out of the fhip; that 
every man may have fome inducement to exert himfelf in the defence. 

V. Let outguards and centinels be placed upon and near the, banks 
of the river or harbour; and let fome hands in nimble boats, armed, pals 
down the ftream each night to watch the motions of the enemy. 


SECTION 


7 
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‘lies in the ftream, unlefs by fome particular fituation of the place. 
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a SEC Ti! oO N Iv. ‘ 
199. Of the mooring of fbips in fortified harbours. 


Before the boom is laid, it will be neceflary to appoint the place where 
to moor the veflels, that they may be helt fecured from the enemy’s fire- 
fhips, and yet annoy their men of war; and as this can be only done 
either in the ftream or out of it, the advantages and difadvantages in both 
cafes will be here confidered. | oe 


200. | Confiderations in mooring with regard to the fiream. 


First. The advantages an enemy has‘ of a fhip moored in the fiream. A 
fhip moored in the ftream will find fome difficulty in bringing her broad- 
fide to gall an enemy in his approach, who always comes with the ftream ; 


— and if the tide runs too {wift for one to lie athwart, it certainly does fo 


for the other ; both having ground tackle equally good. - 

2d. In this fituation there is ao hindering a fire-fhip, that has paffed the 
boom, from being aboard you, as none but the chafe-guns'can be brought 
to bear on it; and fhould you heave athwart, the enemy will be the furer 
of grappling you, unlefs by bringing your whole broadfide to bear you 
Gink him ; for if the officer, through want of courage, fhould forfake the 
fire-fhip, yet the tide will bring it aboard ; befides, in fuch a pofition the 
enemy’s fhips of war may board you, and then your batteries afhore are 
ufelefs. ' 


3d. In riding in the ftream the cables are expofed to the enemy ; which - 


being hit by a chance fhot, the fhip will fwing upon the tide, and the 


enemy have the opportunity of raking you fore and aft; and if the enemy — 


has any condué&, he may lay his anchors fo, that his cables fhall be fecurcd 
from your fhot. 

4th. Should you moor athwart the ftream, the enemy may drop a fmall 
anchor out aftern, veer athwart your hawle, and fo conftrain you to alter 
your pofition, or rake you fore and aft. | 

sth. In siding athwart the ftream, the cables by bearing a more'than 
ordinary ftrain, are apt to break, or ftart an anchor; then the fhip fwing- 
ing on the tide, it is a great chance but the other anchor ftarts, and fhe 
fwings to leeward. But thefe advantages are on the enemy's fide only 
while the tide fets in; for the defendants have them when the tide fets 
out: therefore, in fuch places where the ftream runs continually out, the 
beft way is to moor ini it, if the wind does not blow always in. 


201. SECONDLY. The advantages a fhip moored in a fiream has over an 
enemy. . a | 
1ft. A thip moored athwart the tide lies convenient to rake an enemy 
fore and aft in his approach, and fo may do him a confiderable damage 
before he is athwart the ftreqm to batter. | 

ad. In riding thus in the {tream, according to the common fituation 
of rivers, the enemy cannot batter you under covert. 


_ 202, THIRDLY. 4 foip moored out of the fiream has thefe difadvantagese 


1ft. That fhe cannot rake the enemy fore and aft fo well as while the 
ad, The 
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ad. The enemy’s men are not much expofed in mooring 3 for he needs 
only to drop his anchor, and he may veer along your fide; or, if you lie 
athwart the river, acrofs your hawfe : but this may be prevented by ridin 
in the wake of a point; for fhould the enemy drop anchor before he 1s - 
about the point, he cannot veer along-fide; and if he let go his anchor 
after he is about the point, he may be aftern before he is brought up. 


203. FourTHLY. 4 /bip moored out Fa the fiream has thefe advantages. 

aft. There is no danger of the fire-thips driving aboard her, unlefs di- 
rected by a ftrong wind. And for the fame reafon, the enemy cannot be 
athwart your hawf-, unlefs he tows there with his boats, and then they 
and their crews are expofed to your cannon. : 

ad. A thip thus moored is in lefs danger of driving, fhould her cables 
be thot. | 


Confiderations in mooring with regard to the wind. 

204. First. With regard to windward. | 

Befides the advantage of being free from the fmoke, you may caufe the 
enemy to drive to leeward fhould you hit his moorings ; and if he tries to 
heave off by carrying an anchor to windward, his boats will be expofed 
to your cannon; and if the boats /ay to pafs his fhip, while he heaves, 
will be raked fore and aft, which muft do great execution among his 
men while they ftand thick at the capftan: but it is highly probable, a 
fhip fo grounded could not be got off. 

When to windward, the cables are covered from the enemy by the 
fhip, and may be eee to clamps and cleats nailed to the fide, and fo the 
mooring fecured from random-fhot. And this ought to be carefully done for 
preventing the only difadvantage that attends thips moored to windward, 
which is, that if their cables are fhot, they drive out upon the enemy, or 
{wing head to the wind ; if the former, they may be boarded by the enemy’s 
fire-thips, or fhips of war, and then your precautions are rendered fruit- 
lefs; if the latter, they may be ae | fore and aft by the enemy ;. and if 
neither of thefe happen, the fhip may drive to leeward and be grounded, 

205. Seconpuy. With regard te leeward. 

A thip fo moored cannot prevent the enemy’s being fent on board, ums 
Jefs a fhoal or ftockado lie between them. 

In this pofition, fhould you thoot the enemy’s cables, through his cares 
leffnefs in covering them with his hull ; yet as he drives afhore, or upott 
you, his boats are covered with his hull, while they earry an anchor te 
windward to heave off. , 

Befides, your moorings lying to windward are expofed to the enemy; 
and fhould they be cut, you will {wing head at wind, and in that pofition - 
be raked fore and aft; if you attempt to carry out an anchor to heave your 
broadfide againft the enemy, your boats will be too much under his coms 
mand 3 indeed, inftead of carrying out an anchor it may be beft to clap a 
{pring upon the cable, but rhis will fail if the fhip is too near the fhore. 

Upon the whole, it appears beft to moor to the windward in the wake 
of a low point, when fuch a fituation can be obtained; but the circum- 
ftances being jo various, it mutt be left to the judgment of the commander, 
who, if he rightly cenfiders what has been faid, will chufe the beft. 
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: SECTION V. 
206. Of fome remarkable attions concerning the 


attacks of fips in fortified harbours. 


Having fhewn the methods that have been directed by experienced 
men, to be ufed in the defence of harbours, we fhall now think of clofing 
this work with the accounts of fome of the moft remarkable actions ree 
corded within the laft too years, in which the Englifh have had any 


fhare. This was thought ufcful on two accounts ; firft, as examples to: 


the preceding precepts ; and, fecondly, to point out to the young mariner 
., the means by which many have acquired great reputation and honour. 


207-0 The battle of Santa Cruz, in the year 1657. 


Santa Cruz is a town and bay on the weft fide of ¢ :e ifland of Teneriff, 
one of the Canary iflands. The bay, which lies rather open than inclofed, 
has deep water near in fhore; but the beft anchoring is about half a mile 
from fhore, in 30, 40, or 50 fathoms water, black flimy ground: if 
there be many hips, they mutt ride clofe one by another. The thore is 
in gemeral high land, and in moft places is fteep to the water. 

Admiral Blake lying with fome fhips near Cadiz to watch for the re- 
turn of the Spanifh plate fleet, had intelligence they were in the bay of 
Santa Cruz, in the ifland of Teneriff; he broke ground the r3th of 
April, and on the 2oth arrived at Santa Cruz, where he found the Spae 
nifh fleet, to the number of fixteen, moored in the bay in a half-moon, 
Near the mouth of the bay was a caftle well furnifhed with near 40 
heavy cannon ; and befides that, there were feven forts round the bay, 
with 6, 4, or 3 great guns in each, all united by a line of communication 
from fort to fort, and well lined with mufketeers. Don Diego Diagues, 
the Spanifh general of the Acet, upon fight of the Englifh fleet, caufed 
the ten fmaller fhips to be moored clofe to the fhore, and fet fix great 

alleons, well manned, farther dut at anchor, with their broadfides to fea: 
in this pofture the Spanifh admiral vainly thought himfelf fo fecure, that 
a Dutch merchant fhip going out of the harbour, he fent a meflage by 
him to Blake, that he might now come 1f he durft. 

The Englifh admiral, having well viewed their pofture, faw it would 
be impoffible to bring off the galleons ; however, he-refolved to burn 
them, and to that end fent in Captain Stayner, commander of the Speaker 
frigate, with a fquadron to attack them. He foon forced his paffage into 
the bay, whilft other frigates entertained the forts and /ines with continual 
broadivdes ; thefe were prefently fupported by Blake himfelf, with the whole 
fleet, who pia.:ng fome of his fhips to batter the caftles and other forts, 
he with Stayner continued to engage the galleons ; over which, in fix hours, 
he gained (notwithftanding they had reinforcements of men feveral times 
from the fhore) a complete victory. The Vice-admiral and Admiral 
were blown up in the engagement, and the reft driven athore; where, 
notwithftanding the fire from the forts, they were all fet on fire by the 
Englith, and every one of them was burnt to the water’s edge. Theyhadno 
fooner done this, than the wind luckily turned, and carried the fleet, withe 
out the lofs of one fhip, out of the bay, and put them fafe to fea again. 
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208 ~ The ation of Londonderry, in the year 1689. 


Londonderry is a fmall but pretty ftrong town in the north of Ire- 
land: it ftands on the weft fide of the river Leughfoyle, about three miles 
from a lake of the fame name; which is about ten miles broad and fif- 
teen miles long, communicating with the fea by a ftreight of about a 
mile in breadth, fo that the town ftands about eighteen miles from the 
fea. The river next the town is about 3 of a mile over, and keeps this 
breadth nearly between the town and lake, where its mouth is defended by 
Culmore fort, which is a large fquare with four baftions. 

This town was befieged by the Irifh and French in the year 1689, and 
the garrifon brought into great ftraits for want of provifions, the be- 
fiegers having ftrongly fortified the river. There was a boom framed of 
a chain of cables, covered with timbers, ftretched acrofs the river about 
two miles below the town, from a point on the eaft fide: each end of the 
boom was defended bya fort: Between the boom and Culmore fort 
were two other forts, one on each fide the river, and another fort above 
the boom oppofite the town. The fides of that narrow river were jn- 
trenched and lined with mufketeers, and feveral boats were funk, and 
ftockadoes drove, armed with large iron fpikes. - 

Notwithftanding all thefe preparations the boom was forced, the town 
relieved, and the fiege raifed, by the affiftance breught by three fhips 
only, in the following manner : e Montjoy of Derry, commanded by 
Captain Browning, and the Phaenix of Colrain, by Captain Douglas, being 
both laden with provifions, were fent towards the town, under the con- 
voy of the Dartmouth frigate, commanded by Captain ohn Leake. They 
were forced to ftand a furious fire of the enemy from Culmore fort, and 
from the forts and intrenchments on both fides of the river, which they 
received and returned with the greateft bravery imaginable. The Aont- 
joy made a little ftep at the boom, occafioned by her rebound, after 
ftriking and breaking it, fo that fhe run a-ground. Upon this the ene- 
my gave a Joud and joyful fhout (though a dreadful one to the befieged), 
Gred all their guns upon her, and were preparing their boats to board 
her. The trouble and concern of the befieged, to fee their laft hopes 
difappointed, is not to be expreffed; but by great providence, firing a 
broadfide, the fhock loofened the fhip fo, that fhe got clear and paffed the 
boom: Captain Douglas was engaged all the while, and the Dartmouth 
gave the enemy very warm entertainment, till at length the three hips, 
having overcome the great difficulty of breaking and paffing the boom, 
got into the city, and brought unfpeakable joy and tranfport to a garri- 
fon, which reckoned only upon two days life, paves nothing left but 
nine lean horfes, and a pint of meal to each man. his brave and fuc-- 
cefsful undertaking fo difcouraged the encmy, that they raifed the fiege 
the next day, and retreated by night in the utmoft confufion ; but made a 
moft miferabde havock in the country, by robbing and burning all before 
them for feveral miles. 

The boom appears to have been laid directly athwart the ftream, and 
fo was eafier to force, than if it had been laid obliquely acyofs. . 

209. The 
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20g. The aftion of Gibraltar, in the year 1693. 


The Englifh fleet, under the command of Sir George Rooke and Sir 
Thomas Hobfon, were convoying a very large fleet of merchant fhips toe 
ward the Mediterranean ; but falling in with the French fleet, under the 
command of Admiral Tourville, the Englifh admiral gave the fignal for 
the merchantmen to fhift for themfelves. Among others, four heavy- 
laden Turkymen ; namely, the Shandois, the Italian Merchant, the Afa, 
and the Loyalty, ftood away for the Spanifh ports, and put into the bay of 
Gibraltar ; where the commanders of the Turky fhips, being hindered 
from profecuting their vogage by fome diffenfion on board, and the fear 
of the French fleet, thought proper to fortify themfelves. 

For this purpofe the commanders pofted their four fhips ina line 
within the new mole, which ftretches to the NW., with their broad 
fides flanking toward the north, or entrance into the mole; the fhips 
were unrigged, and confequently having no fails to manage, they turned 
all hands to the cannon, bringing as many as they conveniently could to 
bear on one fide. : 

On the SE. end of the mole, or land-fide, was a caftle, in which were 
mounted ten fmall cannon, four pointing into the bay toward the weft, 
three commanding the mole, snd the reft flanking the NE. fhore. Ope 
-pofite to the mole-head was a kind of redent, very advantageoufly built 
to flank the entrance into the mole; but neither on this, nor the molee 
head, had the Spaniards any cannon. From the caftle there ran north-~ 
ward a line of communication, or a ftrong ftone wall, to the fouth end of 
the town, where was a battery of cannon, but too far from the mole ta 
be of any fervice in defending it. . | 

The Englith ftretched a cable from the moleshead to the redent, the 
ends i bent to two fheet anchors, and to this cable they lafhed their” 
JSpare-yards and top-mafts. Upon the mole-head were planted fix of the 
Shandois’s guns to flank the boom, and this battery was committed to the 
care of fome Englifh feamen, who behaved themfelves very well. The 
commanders intended to plant fome guns at the other end of the boom 
upon the redent, but being obliged -to go through the caftle, the draw 
bridge broke, and down went the firft gun that came upon it into a ditch 
near forty feet deep, with fome of the Shandois’s men; by this it may 
be judged in what condition the Spanifh works and garrifon were. 

n this pofture things were, when the French came into the bay with 
fourteen or fixtcen men of war and two bomb-ketches, and ftanding 
within fhot of the caftle, the Spaniards fhewcd their dexterity in manage 
ing their ordnance by firing about one fhot in half an hour. ‘The com~ 
manders perceiving their aukwardnefs, fent a quartermafter from on 
board the Shandois, and the gunner’s mate of the Loyalty, to their affifts 
ance, and fome dozens of cartcuches ; but through want of judgment in 
the Spaniards they were both biown up. All this time nota thip could 
bring a gun to bear, and fo without any damage the enemy paffed: by iato 
the bay, where they anchored. . 

In the afternoon they fent down two men of war to view in what pofture 
the flips lay; as foon as they came within fhot; the Englifh fired brifkly 
at them; but before many broadfides were returned, they ftood away to 
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their fquadron, and continucd quiet that day. Next morning a fhip of 
upwards of fifty guns came toward the boom, and it provinz calm when 
fhe came within fhot, there was pretty brifk firing on both fides, on 
which fhe endeavoured to tow off, but her boats were funk from the bat- 
tery on the mole-head, and had not boats come from the {quadron to her 
affiftence, fhe had mott certainly been funk, having above 100 cannon 
playing upon her from the Enzlifh. The enemy finding fuch entertain- 
ment provided for them befere the boom, fent off four men of war and 
the two bLomd-ketckes, which lying to the fcuthward of the mole, and 
firing over it, raked the Engith fore and aft; who, on account of their 
former difpofition, could not bring onc gun to bear upon the enemy, either 
from the four fhips, or from the mo'e; under thefe circumftances, the 
commanders judg: d it bef to fink the fhips. In the evening the French 
ftood out of the bay; and next day ftocd in again; and having pofted 
fome men cf war and their two bomb-ke'ches azainft the caftle and mole, 
they fent in a ftore-fhip which they had turned into a fire-fhip, and burnt 
the upper werks of three finking thips ; for the /talian Merchant's foie- 
caftle being under water, faved the Snandois. 


210. Difpofition of the Enzlifh ficet at Cadiz. 

The 16th of O&ober Sir George Rooke arrived in the bay of Cadiz 
with the fleet under his command,. and on the 21 it was refolved in 2 
council of war, that as there were but 30 fhips of the line, which was 
not a force fufficient to oppofe the enemy, who were expected to be above 
double that number, all that could be propofed till the fleet fhould be re- 
inforced from England, was to protect the trade. But left the French 
fhould appear at Cadiz before this reinforcement arrived, it was agreed 
that the fhips fhould be removed within Puntal caftle, and formed in 
three lines ; which was al] that coula be done, the fhips being in general 
but half manned, and the Dutch fhips very foul. 

Thefe three lines were to be as follows: the firft to confift of the 
largeft Englith fhips, to lie from Pu/tal thwart the channel to the creek’s 
mouth called J) uccadero, next within the north caftle ; the fecond to be 
compofed of the fmalleft Englifh and Dutch fhips, along the fhoal on the 
fouth fide of the harbour; and tne third to be of the largeft Dutch fhips, 
to begin from the upper end of the fecond line, and to trench away thwart 
the channel, to the mouth of the upper creck, which goes to Port Real; 
and the fmall frigates, bomb-veile!s, and fire-fhips, were to be pofted to 
the beft advantage, as the wind and other circumftances might permit. 
However the fleet was not attacked, and about the middle of March Sir 
Gorse put to fea on his return to England, and arrived in the Channel 
on the 22d of April. 


(2x1. Fortifications in the harbour of St. ‘fobn in Newfoundland, 1697. 


Commodore Norris being fent with a fleet to recover Hudfon’s bay, 
put into the harbour of St. John in Newfoundland, upon hearing that a 
large French fleet were on the coaft of North America ; and not knewing 
the ftrength of the enemy, he judged it prudent to fecure his force, that 
= = oe it 
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i¢ might be employed in the fervice he was fent on. He therefore put his | 
{quadron into a line of battle, which was compofed of four fourth rates, 
two fifth, and two fixth rates, with two fire fhips, two homb-vefleis, and 
a hag-boat. Two booms were Isid acrofs the harbour, and Colonel Gib= 
fon’s regiment, that was carried by the fquadron from England, was dif- 
embarked, and feveral guns mounted on the batterics afhore. 

When the French fquadron came in fight, the foregoing difpofition was 
altered. All the men of war lay in a half-moon to the harbour’s mouth ; 
and each fhip’s vroadfide commanded the two booms: Colonel Gibfon’s 
regiment was pofted at the two batteries, and about the harbour’s mouthy 
and Captain Richards (who was the engineer for fortifying the harbour) 
was making fuch works as he judged neceflary on this occalion; and that 
the {quadren might be better able to do fervice, all the men were taken 
from the merchant fhips and put on board them. 

The French fleet mate no attempt on the harbour; but, on the cone. 
trary, were glad to find that the Enelifh had been mifinformed of their 
{trenzth, and fo fhaped their courfe for Europe. 


212. The battle of Vigo, in the year 1702. 


Monfieur Chateau-Renaxit arriving carly in September at Vigo in Gal- 

licia, with the Spanifh galleons under his convoy, received information 
of the Englifh and Dutch fleets being before-Cadiz ; of which timely 
intelligence he made all the advantage he could in preparing for their re- 
ception. ; 
« Inthe upper end of Vigo bay is a river running into the bay; up this 
river is Redondella harbour, which is furrounded with hills in fuch a man- 
ner, as to be capable of being made very ftrong, the harbour’s mouth not 
being above a mufket-fhot over. On the north fide the entrance was*a 
battery of cight brafs, ard twelve iron guns, and on the fouth fide a plat- 
form with twenty ftately brafs guns, and twenty good iron guns, be- 
fides a ftone fort, with atrench about it, mounted with ten guns, and 
defended by 500 men. A little above the battery on the right, from two 
points in a narrow gut, was ftretched a cable, to which was lafhed mafts, 
yards, cafks, &¢. with their top chains, and frapped about with fours 
inch rope very thick: The bight of the boom was rid by three anchors 
down the ftream, that if the Englith fhips came ftemling againft it, 
they mizht not bring home the anchors upon the fhelf at tne end of the 
boom ; or if they cur it in one piace, the whole might not be open. To 
flank the boom, there was moored the L’kfperance, a fhip of feventy 
guns, on the fouth fide, and the Le Bourbon, a fhip of feventy-fix guns, 
on the north fide ; alfo hve men of war, of fixty and feventy guris each, 
lay. moored with their broadices flanking the gut. The French admiral, 
to give him his due commendation, had taken all human precautions to 
fecure his flcet. | | 

When the confederate flect came before the place, Sir George Rooke 
called a council of war, and it was refolved to attempt the forcing of the 
harbour the next morning. As foon as the land-forces were got on fhore, 
the rath of Odtuber in the morning, the admiral gave the fignal to 
weigh, the line was formed, and the {quadron was brifkly bearing up te 
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the boom ; but when the van was got within fhot of the batteries, it fell 
calm, fo that they were neceffitated to come to anchor. A freth gale 
{prinzing up not long after, Vice-admiral Hopfen, in the Torbay, being 
mext the enemy, imme diately cut his cables, clapt on all bis fails, and 
bearing up dire€tly againft the boom, amidft all the enemy’s fire, broke 
throuxh it at once, caft anchor between the L’Efperance and Bourbon, 
and with unraralleled refolution received feveral broadfides from them, 
The reft of Vice-admiral Ffopfon’s divifion, and Vice-admiral Vander- 
goe’s, with his detachment, having wcighed at the fame time, failed 
abrrat towaid the boom, to add the greater weight and force to the 
fhock, but being becalmed, they all ftuck, and were obliged to hack and 
Cut their way through ; but a freth gale blowing again, the Dutch Vice- 
admiral made fuch good ufe of it, that having hit the paflage which the 
valiant Hopjon had: made, he went boldly in, and made himielf miafter of 
the Bourbon. All this while Admiral] EY: pion was in great danger, for 
being clapt on board by a French fire-fhip, by which his ricging was 
prefently fet on fire, he expected every moment to be burnt ; but it very 
fortunately fell our, that the French fhip, which indeed was a merchant- 
man laden with fn.ff, and fitted up in hafte for a fircthip, being blown 
up, the {nuff in fome meature extinguithed the fire, and preferved Hopfon's 

ip from being confumed, w!.ich however received very confiderable 
damage in this ation, At the fame time Captain Bokenham, in the 
LSffociation of ninety guns, laid his broadfide againft a battery of feven- 
teen guns on the left fide the harbour, while Captain Wyvell in the Ber- 
Sieur, a fhip of like force, was fent to batter tie fort on the other fide. 
Thus for a long while there was a confiderable firing of great and {mall 
fhot on both fides, till the French admiral feeing the platform and fort in 
the hands of the Englith, his fire-fhip {pent in vain, the Bourbon taken, the 
boom broken, and the confederate fleet pouring in upon him, he fet fire 
to his own fhip, and ordered the reft of the captains under his command 
to follow his example, which was done in great confufion; yet could he 
not be fo punétually obeyed, but that feveral men of war and galleons 
were taken by the Englifh and Dutch.—In this ation it fhould be ob- 
ferved, that the fucce(s of the fleet was in a great meafure owing to the 


_land-forces under the cominand of the Duke of Ormond, who not only 


213. The aéiion of Carthagena, in the year 1741, 


Carthagena, one ofthe be(t towns the Spaniards have in South-Ame- 
rica, lies on the Caribbean Sea, almoft due fouth of the eaft end of Ja- 
maica. An irregu:ar fhaped peninfula, running in the dire@tion of the 
fea-coaft, nearly north and fouth, forms a fine harbour of about ten miles 
Jong, and in fome places about two miles broad: near the north end of 
this harbour ftands the city, its NW, fide being wathed by the fea, which 
being very fhoal and rocky to fome diftance from the fhore, together 
with a great furf, hinders the town from being moletted to fea-ward. On 
the fouth end er the harbour is an entrance called Boca-chica, of about 

One 
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ene third of a mile broad, with fufficient water for the largeft thips. The 
north fide of this entrance is near a mile long, running eaft and weft, and 
the fouth fide not above half that length ; juft within this paflage, on the 
fouth fide, lies a {mall ifland, between which and the eaft end of the north 
fide is about one fourth of a mile. 

In the fpring of the year 1741, England being at war with Spain, an 
expedition againft Carthagena was undertaken by the Englifh ; the fleet 
Was under the command of Admiral Vernon, and the land force was con- 
ducted by General Wentworth: the Spaniards, apprized of the defign, 
made an excellent difpofition for the reception of their enemies, who 
found the following impediments to their failing into the harbour. 

Near the eaft end of the north fide of the entrance, ftood:a well-buile 
fegular fquare fort called Boca-chica caftle, two of its baftions com- 
manding the paflage, the walls of ftone, and mounted with 82 cannon 
and three mortars ; and at the weft end were the forts of St. Philip and 
St. Jago, ferving as redoubts to the caftle, and guarding a {mall bay 
where there was tolerable landing. On the weltern end of the fouth 
fhore, called the Barradera, was a fafcine battery of 15 heavy cannon, 
about five of which commanded to fea-ward, and the reft flanked the 


weft fhore of the other fide, and even the caftle itfelf. On the ifland | 


ftood St. Jofeph’s fort with 21 guns; between this fort and the caftle was 
ftretched a boom obliquely acrofs the paffage ; and above this boom were 
moored, ina line commanding the boom, four men of war, each carrying 

from 60 to 70 guns. . 
Three Englifh 80 gun fhips, in about three hours cannonading, 
obliged the enemy to retire from the forts of St. Philip and St. Jago; 
_ ‘and the army was landed, encamped, and formed the fiege of the caftle: 
eight days afterward, the camp having been much galled by the Barra- 
dera battery, it was attacked, burnt, and moft of the guns f{piked, by the 
boats of the fleet, under the command of Captain Bofcawen: but the 
Spaniards, knowing the value of that battery, repaired it; and by its fire 
fo much interrupted the progrefs of the army, that feven days after its 
firft deftruction, three fhips were ordered to lie againft it, and the boats 
of the fleet were again manned, under the command of Captain Watfon, 
when they effectually deftroyed the whole battery. “Two days after, on 
the 25th of March, while Bocha-chica caftle was ftorming by the army 
through the breach they had made, the Admiral fent the fhips boats, un-~ 
‘der the command of Captain Knowles, to attack St. Jofeph’s fort, which 
he took poffeffion of about ten o’clock at night, and alfo of the Gallicia, 
the Spanifh admiral Don Blafs’s fhip, the S aniards: upon hearing the 
Englifh huzzas at the caftle, having abandoned the caftle, St. Jofeph’s 
 fort,'and the four fhips, which were already {cuttled for finking to 
barr up the paffage; but the enemy, in the utmoft panic, had not time 
to follow their orders, fo that only two of their fhips were funk, and a 
third they fet on fire. Captain Knowles immediately ordered the boom 
to be cut, and opened the paflage, through which Admiral Vernon with 
the fleet failed the next morning: and now the Engii/b having pof- 
feffion of the harbour, the neceflary difpofitions were made for gaining 
the town: but here they failed; and the officers thought it better to 
retire with their fleet and army, than to ftay longer in a country, the un- 
wholefome 
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wholefome climate of which was infinitely more to be dreaded than. the 
utmott efforts of its timid inhabitants. 


214. The procecdings of the Englifh in the river Hughley, in Bengal, in 
India, 1757. - 


In the year 1756, the government of Bengal develving on a nabob in 
the french interett, he, on a frivolous quarrel, difpoflefled the Englith of 
moit of ther fettlements cn the river Hughley: but the governor of . 
Calcutta, and many of the factory, fecured themfelves, and part of their 
efccis, cn flip-board, and tell down the river out of the nabob’s reach. 
To regain thcte places, and to punifh the nabob and the French for 
‘their perfidious dealings, Admiral Watfon, commanding the ficct, and 
Colonel Clive the lana-torces, entered the river Hughley. On the 15th 
of December the army was landed, and, in conjunction with the ficet, 
attacked and took every place of defence on the river up to Calcutta, 
which they retook on the 2d of January, 17573 and before the rith 
they took the town of Hughley, which they plundered, and afterward 
dcftroyed. | 

On the sth of February, Captain Harwich, at the head of a party of 
fcamen, by the Ad«niral’s crder, joined Colonel Clive, and the fame day 
they gained a viClory over the nabob’s army, which obliged him to make 
a peace, very advantazcous to the Engifh, 

Afterward, Coloncl Clive having taken all the French pofts in the 
neighbourhood or Chandenagore, except one between the fort and the- 
river, Admiral Watfon, who was proceeding up the river to fecond the 
land eperations, found him‘eif cbiized to come to anchor about two miles 
below the place; for the French had done every thing in their power to 
obffruét the paffaze of the Englifh by finking two fhips, a ketch, a hulk, 
a {uow, and a veflel without any ale all dire@tly in the channel, within 
gun-fhot of the fort, and laying two booms, moored with chains, acrofs 
the river. Es 

The Admiral conceiving that a paflage might be found between thofe 
funken veilels without weighing any of them, fent by night fome expert 
perfons, under the direction of Mr. Delamot, mafer of the Kent, who, 
with ut being perceived by the French, found out a fufficient channel, 
and cut the b.oms3 which being effected, and the boats on their return,’ 
Delamct * hung up a |}-ht at the mait-head of one of the funken veffels, 
at which the enemy kept up a cenftant cannonade during the night. 
On'the 2gth the Admiral pafled through this channel with three thips, 
and coming abrealt of the fort, he anchored ; and in lefs than-three hours, 
after a very brifk firinz, the enemy hung out a white flag, and ca- 

pitulated, notw.thftanding they were 3200 ftrong, had 183 cannon, and 


- 


ques—~— 
‘ 





. , : : . \ 

* Pérhaps Delamot, to cover his left operation, hung up the light at a 
diftauce from tre place wicre he was at work, to draw the enemy’s fire clear 
from the peopie employed. 
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three mortars. Captain Latham was fent to receive the keys, and take 
polleifion of the fort, and colonel Clive, with the king’s troops, marched 
in about § o’clock, 


21 5. Of the frege of Louifburg, in 1758, 


Louifburg is a {trong town in the ifland of Cape Breton; it flands at 
the SW. end of a very fine bay, which extends NE. and SW. above 
two miles in length, ard is about three quarters of a mile in breadth: 
the entrance, of about one quarter of a mile broad, is near the middle of 
the bay; its fouthern fide is forme] by aclufter of iflands, in one of which 
ftood a large battery, called the Ifland Battery, of 36 guns; and on the 
coaft oppolite the entrance flood the royal battery of 42 guns, with a co- 
vered way and glacis before it. In the harbour were 13 fail‘of fhips, 
moft of them lying to the NW, of the town, ready to defend it on the 
harbour fide, and to impede the approaches on the land fide: the garrifon 
was about 4,000 ftrong, had about 220 cannon, 18 mortars, and was well 
ftored with provifion and ammunition. | | 

On the 28th of May, the flect under Admiral Bo/cawen, and the army 
under General Amber/?, aflembled before Halifax, and on the 2d of 
ae they anchored in Gabarus Bay, about two miles to the SW. of 

ouifburg: but on account of the blowing weather, nothing toward 
Janding could be done till the 8th, when feven frigates drew near fhore, 
and for about a quarter of an hour cannonaded the French defences 
thrown up along fhore; and then the boats landed the troops amidft a 
very heavy fire, both of the French mufketry and cannon, and a moft 
dreadful furf, which overfet and f{taved feveral of the boats, and drowned 
many foldiers; and upon the whole there were above 100 boats loft in 
landing the troops and provifions. : 

On the tath, Brigadier Wolfe was fent round the harbour to the 


north fide of the entrance, to conftruct a battery near the light-hcufe, - 


and thence to ruin the ifland battery. He drove the enemy froin all their 
defences on that fide, took feveral cannon, and by the 20th had com- 
pleted the light-houfe battery, which, with the fre from the fthips, 
filenced the ifland battery by the 25th. ‘The light-houfe battery being 
confiderably ftrengthened by fhip-guns, and intrenched, Brigadier Woife 
was ordered round with his detachment and cannon, and to advance toe 
ward the weft gate, and to try to deftroy the fhipping. He took poft on 
the hills for that purpofe on the Zoth, 


The 29th, the French funk tour fhips in the harbour’s mouth with ~ 


their mafts cut down; and on the 21{t of July, one of their fhips was fee 
on fire by a fhot from the marine battery ; this fre communicating to 
two others, the three were burnt. On the night of July 25, Admiral 
Bofcawen detached the boats of the: fleet in two fquadrons, under the 
command of the Captains Lafory and Balfour, to take or burn the only 
two French fhips then in the harbour. Tne boats going filently aiong 
the middle of the harbour, the noife of the oars was not heard at land, 
nor at the fhips till the boats were nearly along-fide ; and then the cou- 
rage and activity of the feamen rendered all refiftance ufclefs; one of the 


fhips, 
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fhips, the Prudente of 74 guns, being aground, they fet her on fire; and 
the other, the Bienfaifant of 64 puns, they cut from her anchors, and 
towed into the N&. harbour amid the fire of the mufketry and cannon 
from the town and other places. 

In fine, the batteries of the Englifh being opened, well ferved, and 
well dire€ted ; and the enemy’s fhips, and many of their defences being 
ruined ; they thought proper to capitulate on the 26th of July, and the 
Englith took poffeffion of the town on the 27th. 


216. Of the taking of Quebec, in the year 3759. 


Quebec, the capital of the French dominions in North America, 
ftands on the NE. bank of the great river St. Lawrence, about 360 

miles from its mouth, and on the fouth fide of the river St. Charles ; 
which falling into the river St. Lawrence on the north of the town, 
forms a fine bafon of about three miles in length and breadth; the eaft 
and NE. parts are terminated by the ifle of Orleans, which is a moft de~ 
lightful and well cultivated fpot about twenty miles long and feven broad, 
formed by the river St. Lawrence. The greateft part of Quebec itands 
ona rocky hill, in fome places near fifty feet above the river; and ona 
fmall ftrand at the foot of the hill is buile the part called the Lower 
Town: the high land ftretches up the river St. Charles, and alfo, witha 
fteep front, for many leagues up the river St. Lawrence. ‘The town 
‘was fortificd and well defended by many batteries; and an army of 
about 10,¢00 men, under the brave and cautious General Montcalm, 
occupied pofts well intrenched, at every acceffible fpot, for an extent of 
near five miles om the fide of the river St. Charles, which was imagined 
to be the only part where the town could be approached by an enemy: 
thefe pofts had in front a fand-bank between them and the river, and 
thick woods in their rear. 

The Englifh army, of about 7,000, commanded by General <cife, 
was landed by Admiral Saunders, who commanded the fleet, on the 27th 
of June, on the ifle of Orleans; and on the 2gth cf June a detachment 
drove the enemy from Point Levi, a high promontory on the fouth fhore 
of St. Lawrence, which commanded the bafon, and even the town of 
Quebec, and from whence the Englifh batteries confiderably damaged 
the Upper Town, and entirely deftroyed the Lower one: and about the 
fame time a detachment took pofleffion of the weftern point of the ifle of 
Orleans, which alfo commanded the bafon. Admiral Saunders, with 
his divifion of the fleet, was pofted below the town in the north channel, 
and Admiral Holmes, with his divifion, was ftationed above the town, to 
divide the enemy’s attention, and guard the batteries playing on the town 
and works, : 

On the 3oth of June, about midnight, fix firefhips, well prepared 
for burning, their fails being covered with a compofition that burnt a 
confiderable time, were almoft in an infant lighted up, and made a moft 
terrible appearance. They came down with a gentle breeze and a {trong 
tide toward the middle of the fleet, then riding in the north channel, 
pretty clofe to one another; but this being expeQicd by the Admiral, 
the boats were ordered out, and thefg dreadful machines towed afhore 

on 
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_on the Ifle of Orleans, where they burnt quietly without doing any 
mifchief. The enemy’s next attack was by a raft of fire-ftages com. 
pofed of fir logs, each ftage about the fize of a long-boat; thefe were 


lafhed together, filled with combutftibies, loaded piftols, and gun 


barrels, and turned adrift toward the fhips, but with no better fuccefs 
than the other: the whole was about 200 feet long, and made a fine 
bonfire. : 

General Wolfe having encamped on the gth of July at Montmo- 
renci, on the continent below the town, and tried, during almoft two 
months, feveral ways to bring the enemy to a battle, (all which were 
fruftrated either by the difficulties of the place, or the vigilance of AGat- 
calm), determined to try what could be done above the town. He 
therefore removed the camp to Poiht Levi on the oppofite fhore, and 
Admiral Holmes’s fquadron made for feveral days fome movements 
up the river, the Englifh army advancing at the fame time along the 
fouthern fide ; while M. Bouganville, with a body of 1,500 French troops, 
proceeded along the northern fide to watch thefe motions. On the 
12th of September, about midnight, the Englifh were embarked in 
the flat-bottomed boats, and fell filently down the ftream, the enemy 
being amufed up the river by Admiral Holmes. The boats landed on 
the north fide, not exactly where it was intended, and the troops were 
' obliged to fcramble up a woody precipice, which however they effected, 
difperfing a captain’s guard pofted there, and the army was formed by 
daylight. 

: hile this was doing, in order to draw Montcalm’s attention ane 
other way, as had been concerted, Admiral Saunders ordered all the 
boats of the men of war and tranfports, well filled with men, to feign 
an attempt on the French intrenchments below the town: The num- 
ber of boats, and the manner in which this falfe attack was con- 
ducted, kept the French general too much alarmed to think what might 
be doing above the town, and which he could fcarcely believe when 
informed of it; but being convinced, he affembled his troops and 
marched to attack the Englifh. Both armies drew up with great cir- 
cumfpection ; and the French advancing, began the engagement with 
‘a galling though irregular fire; which was received and borne with 
great patience, till they were come to the diftance of 40 yards; then 
the Englifh poured in fuch a well-aimed and dreadful fire, that the French 
army immediately ftaggered; and being pufhed with a true Britith 
fpirit, they broke and yielded up the victory. This decifive battle was 
followed by the furrender of Quebec, by capitulation, five days after ; 
and the Englifh troops took pofleffion of that city and its neighbouring 
country. - 


217. The late wars, particularly the laft, have furnifhed many ex- 
amples of fea engagements, and of the attack of ftrong places on the 
fea-coafts ; where both the fea and land officers have fhewn them- 
felves poffeffed of all the military knowledge, which goad fenfe and ex- 
perience could produce, befides that intrepidity fo natural to Bri- 
tons : the few examples here felected, chiefly to illuftrate the laying of 
booms, are neither the moft interefting, nor thofe where Britith valour 
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has fhone in its greateft fplendor: there are many aCtions of equal im- 
pertance, and accompanied with as ftriking circumftances, which may be 
found among the accounts publifhed on thofe occafions. This fubje@ 
cannot be better clofed, than with a remark of Admiral Vernon; That 
where men of war can be brought to act at a {mall diftance, as about 100 
yards, or lefs, no fort can withftand their fire; but at a greater diftance, 
as of half a cannon fhot, a fort can receive very little damage from the 
fire of fhip-guns. 
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